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ABSTRACT

An in-depth understanding of the relationship between innovation factor allocation, the institutional envi-
ronment, and high-quality economic development can help us better comprehend how better productivity
promotes high-quality, regionally coordinate, and balanced economic development. Using panel data of 30
provincial-level regions in China from 2011 to 2019, we explore the effect of innovation factor allocation on
high-quality economic development and the moderating effects of different institutional environments. First,
we construct a comprehensive indicator system for innovation factor allocation and a new model to calculate
the weights of various indicators of innovation factors. Second, we apply TOPSIS and grey correlation to mea-
sure the level of innovation factor allocation, and construct a modified gravity model to generate a directed
weighted spatial association network of this allocation as a spatial weight matrix. Finally, we use the spatial
Durbin model to empirically test the spatial effects of innovation factor allocation on high-quality economic
development under different institutional environments. We find that: First, innovation factor allocation sig-
nificantly positively affects the high-quality development of the local economy, while it has negative spatial
spillover effects on neighboring areas. The impact of different types of institutional environments on high-
quality economic development exhibits an inverted “U” shape. China’s institutional environment has not
crossed the critical threshold of this “U" shaped relationship. Thus, different types of institutional environ-
ments can still effectively strengthen the role of innovation factor allocation in promoting high-quality eco-
nomic development. In particular, the strengthening effect of online government is the strongest and its
negative impact is the weakest. Overall, this study is of great significance for optimizing innovation factor

allocation in various regions and promoting high-quality economic development.
© 2024 Published by Elsevier Espafia, S.L.U. on behalf of Journal of Innovation & Knowledge. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

optimizing their allocation and maximizing their potential are the
keys to achieving China’s high-quality economic development. The

From the outbreak of COVID-19 to the post-pandemic period, the
deep integration of new-generation information technologies, such
as artificial intelligence, big data, and the Internet, with the tradi-
tional economy have pushed China’s economy into a new era of
development. Simultaneously, we have also seen the impact of data
on the digital economy and how the profound expansion of the set of
production factors has significantly affected the transformation of
China’s productivity and production relations (Tao & Xu, 2021; Xu &
Zhao, 2021a). Today, China’s economy has entered a new era of high-
quality development. However, problems of unbalanced and inade-
quate development remain primarily due to the structural imbalance
in innovation factor allocation (Fan et al, 2021). Therefore,
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2023 “Global Innovation Index Report” shows that China ranked 12th
globally in 2023 in innovation. However, it only ranked 61st on the
sub-index of “institutional environment”,>which is far from the level
of the other six sub-indices. New changes in the development stage,
combined with the new impacts of technology and the industrial rev-
olution, inevitably create strong demand for institutional innovation.
Therefore, exploring the impact of innovation factor allocation on the
high-quality development of the Chinese economy in a socialist mar-
ket environment will undoubtedly provide insights to better stimu-
late the potential of innovation factors, promote their free flow and
agglomeration, and promote the formation of a new pattern of high-
quality economic development that is regionally coordinated and
balanced.

2 The data are sourced from the 2023 Global Innovation Index report.
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Literature review and hypotheses development

Impact of innovation factor allocation on high-quality economic
development

Research on the impact of innovation factor allocation on high-
quality economic development mainly focuses on two aspects. The
first is the role of the optimal allocation of innovation factors in pro-
moting high-quality economic development. Economic growth the-
ory has posited that factors are the source of economic growth
(Solow, 1956; Romer, 1986). Importantly, the connotation of optimiz-
ing factor allocation has gradually deepened and expanded from
ordinary labor and capital (Wang & Yang, 2020) to technological and
knowledge (Mcgrattan & Prescott, 2009; Innocenti et al., 2020; Peng
& Tao, 2022; Xu et al.,, 2022; Yu et al., 2023), and now, includes data
factors (Cong et al., 2021; Florez & Blind, 2020; Jones & Tonetti, 2020;
Farboodi & Veldkamp, 2021; Cai & Ma, 2021). Schumpeter (1934)
emphasized that technological innovation is the driving force of eco-
nomic growth and believed that enterprise innovation activities lead
to the flow of factors from low- to high-productivity enterprises,
thereby improving the overall productivity level of the industry by
eliminating inefficient enterprises (Acemoglu & Cao, 2015). Miiller et
al. (2018) used a common panel model and found that big data can
improve the innovation performance of enterprises. Especially, they
applied mathematical models to explore the impact of data on eco-
nomic development (Cong et al., 2021; Florez & Blind, 2020; Jones &
Tonetti, 2020; Farboodi & Veldkamp, 2021). The general belief is that
factor mismatch will lead to the loss of economic efficiency and total
factor productivity, thereby affecting high-quality development.
Early research constructed mismatch framework from the perspec-
tives of labor and capital (Hsieh & Klenow, 2009; Aoki, 2012; Restuc-
cia & Rogerson, 2013; Brandt et al., 2013; Zhang et al., 2023), while
others gradually incorporated other factors such as energy (Chen &
Chen, 2017; Lu et al., 2022; Yang & Tian, 2023). Of course, there are
other views. Cai and Ma (2021) believed that bit data can be a new
production factor in the digital economy. While its low cost and shar-
ing characteristics can help improve enterprise productivity, leakage
and other issues can negatively affect economic growth.

Impact of the institutional environment on high-quality economic
development

Most research findings suggest that optimizing the institutional
environment can significantly promote high-quality economic devel-
opment; however, it must be adapted to a certain economic develop-
ment environment (Liu et al., 2019; Ma et al., 2021; Liu et al., 2022).
Some studies argue that strengthening the institutional environment
can optimize the regional business environment and attract enter-
prises from other regions to enter the local market, thus further
affecting the high-quality development of the economy (Du et al.,
2012; Cai et al., 2019; Bhasin & Garg, 2020; Zhang & Kim, 2022). Liu
et al. (2019) used a common panel model, and found that the “two-
wheel-driven” system of technological and institutional innovation
affects high-quality development by positively affecting total factor
productivity. Liu et al. (2021) applied dynamic spatial Dubin model to
analyze the effect of China’s environmental regulations on high-qual-
ity economic development. Some studies have examined the rela-
tionship between innovation factors, the institutional environment,
and economic development, but have paid less attention to spatial
effects (Avom et al.,, 2020; Ahmed et al., 2021; Chen et al., 2021; Yang
etal., 2022).

Measurement of innovation factor allocation

The measurement of innovation factor allocation is mainly
reflected in the different measurement subjects, perspectives, and
methods. Tao and Xu (2021) and Xu and Zhao (2021a)measured
innovation factor allocation at the regional level in China, finding
uneven allocation among regions. The measurement perspective
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reflects whether a single is or multiple factors are used. Meanwhile,
the measurement methods differ in whether they utilize indicator
synthesis or efficiency measurement methods. The indicator synthe-
sis method mainly includes the entropy weight, TOPSIS, principal
component analysis, and projection pursuit methods. Efficiency mea-
surement includes nonparametric methods, represented by data
envelopment analysis, and parametric methods, represented by ran-
dom frontiers (Cruz-Cazares et al., 2013). Innovation factor allocation
is mainly computed using indicator synthesis methods, such as ana-
lytic hierarchy process, entropy weight method, TOPSIS method,
principal component analysis method, and vertical and horizontal
grading methods (Liu et al., 2019; Tao & Xu, 2021).

Reviewing the literature on high-quality economic development
and innovation factor allocation reveals that the indicator synthesis
method is the usual method. However, most studies only consider
the unilateral input of innovation factors, ignoring the fact that high-
quality economic development at the current stage can serve as a ref-
erence for measuring the importance of innovation factors. Most
studies support the spatial correlation of innovation factor allocation,
but mainly adopt a traditional spatial econometric perspective based
on a single innovation factor. There are few studies on high-quality
economic development from the perspective of a comprehensive sys-
tem using the entire network of innovation factors. Even fewer stud-
ies examine the impact of innovation factor allocation on high-
quality economic development considering the institutional environ-
ment and comparing the moderating effects of different types of
institutional environments.

Filling these research gaps, this work makes the following contri-
butions: First, we construct a more robust and comprehensive indica-
tor system for innovation factor allocation, as well as a new model to
calculate the weights of various indicators of innovation factors. The
study incorporates innovation factor allocation and high-quality eco-
nomic development into a unified framework, and builds a “multi-
input-multi-output” random forest regression tree model to measure
China’s innovation factor allocation index. Thus, we provide a way to
the measure innovation factor allocation. Second, we construct a
modified gravity model to generate a directed weight spatial associa-
tion network of innovation factor allocation and use it as the spatial
weight matrix. Thus, we extend the existing method of constructing
the spatial weight matrix beyond traditional spatial metrology. Third,
the spatial effects of innovation factor allocation on high-quality eco-
nomic development under the adjustment of different institutional
environments are studied, thereby enriching research on the impact
of innovation factor allocation on high-quality economic develop-
ment.

The remainder of this work is organized as follows: Section 2
presents the theoretical analysis on innovation factor allocation and
institutional environment on high-quality economic development, as
well as the research hypotheses. Section 3 outlines the research
design, including the random forest regression tree model with
multi-input-multi-output, selection of econometric models, and vari-
able selection. Section 4 reports the results, further analysis, and
robustness tests. Section 5 presents the conclusions of this study.

Theoretical analysis

Economic growth theory considers production factors to be a
source of power for economic growth. In the traditional economic
growth stage, traditional production factors such as simple labor and
general capital are essential factors that play a major role in economic
production. Meanwhile, in the high-quality economic development
stage, the driving force of growth has changed from factor- to innova-
tion-driven economic growth (Tao & Peng, 2018). Here, stimulating
the potential of innovation factors is crucial. However, to fully lever-
age the innovation-driven effect, the “soft innovation” of institutional
innovation, and “hard innovation” of scientific and technological
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Fig. 1. Analysis of the impact of innovation factor allocation on high-quality economic development.

innovation must be combined, while the supporting role of institu-
tional innovation is also crucial (Liu et al., 2019). Therefore, the insti-
tutional environment, as the essential basis for innovation factors to
realize their potential, can regulate their impact on high-quality eco-
nomic development in China.

The impact of innovation factor allocation on high-quality economic
development

Due to the spatial mobility of innovation factors, the impact on
high-quality economic development has spatial spillover effects,
which is mainly reflected through knowledge spillover, dynamic
optimization, and “gravitational interaction” effects (see Fig. 1).

Effects of knowledge spillover: promoting knowledge spillover and
technological progress through the flow of innovation factors within a
region

The moderate flow of innovation factors within a region is condu-
cive to knowledge spillovers (Almeida & Kogut, 1999), which can
help underdeveloped regions catch up in economic growth and inno-
vation (Cassar & Nicolini, 2008). With a large number of intermediate
products and some final products in the economy, the intermediate
output can be used for the production of final products and employed
in the innovation production of the enterprise (Venables, 1996).
Knowledge spillovers are formed when knowledge from a particular
region is brought to surrounding regions during the flow of innova-
tion factors between regions. The flow of human innovation factors
between enterprises spreads the advanced knowledge and technol-
ogy carried by human capital to the local area. This helps in perform-
ing R&D, and key breakthroughs of new products, technologies, and
processes through investments in capital and technological innova-
tion factors, thereby improving the technical level of local enterprises
(Guo et al., 2023; Fan et al., 2021). Digital finance helps realize the
digitization of assets through blockchain use, promotes the opening
and sharing of financial resources among different entities, alleviates
information asymmetry, and promotes regional innovation-driven
development through direct incentive effects. Simultaneously, its
permeability and inclusiveness are conducive to the exchange and

cooperation of innovation entities in the innovation network. In addi-
tion, the development of digital finance can effectively break down
administrative barriers (Sun & Tang, 2022), drive the flow of human,
capital, and technological innovation factors between regions, and
promote regional innovation-driven development through indirect
incentive effects.

Effects of dynamically optimized allocation: consolidating the foundation
of innovation resource endowments in areas with innovation factors

Innovation production is the process of recombining innovation
factors (Schumpeter, 1934). Under the influence of market mecha-
nisms, innovation factors flow from areas with low marginal revenue
to those with high marginal revenue. On the one hand, for the areas
receiving innovation factors, their inflow has consolidated the
endowment of local innovation resources to a certain extent and
strengthened the factor base of innovation production (Fan et al.,
2021; Yu et al., 2023). On the other hand, factors are used in indus-
tries with high allocation efficiency. Thus, some idle factors can be
fully and effectively used, and promote the progress of innovation
production technology, thereby promoting the innovation-driven
development of the economy (Yang et al., 2022).

The “gravitational interaction” of innovation factors: weakening the
innovation resource endowment in areas with weaker “gravity”

A moderate increase in the level of local innovation factor alloca-
tion promotes the innovation factor agglomeration in the region to a
certain extent, promotes the expansion of the region’s internal pro-
duction capacity, reduces production costs in the long run through
the internal economies of scale effect, and improves the efficiency of
innovation factor allocation to promote technological progress (Guo
et al.,, 2023). Owing to the mobility characteristics of innovation fac-
tors, the improvement in allocation efficiency and cost reduction of
innovation factors in this region will attract the inflow of some inno-
vation factors from surrounding areas (Bai & Jiang, 2015; Fan et al.,
2023). This will affect the level of innovation factor allocation in sur-
rounding areas and even have a certain degree of negative impact on
their high-quality economic development (Gambardella & Giarra-
tana, 2010; Chen et al., 2024).
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Based on this discussion, we propose our first hypothesis as fol-
lows.

H1: Innovation factor allocation has a spatial spillover effect on
the high-quality development of the economy. Specifically, it has
positive promoting effects on the high-quality development of the
local economy and negative spillover effects on the high-quality
development of neighboring economies.

The impact of the institutional environment on high-quality economic
development

Institutions can provide incentives and constraints for high-qual-
ity economic development, and reduce costs of high-quality eco-
nomic development (Peng & Tao, 2022; Zou & Ren, 2024). On the one
hand, institutions can use incentives and constraints to promote a
certain social incentive structure (Liu et al., 2021; Huang et al., 2023).
This affects productivity development and economic efficiency (Xin &
Park, 2024), and thus, high-quality economic development. If the ori-
entation of incentives and constraint mechanisms formed by the
institutional environment induce the economic system to generally
prefer productive economic activities, the resulting technological
progress and productivity improvement would move towards high-
quality economic development. Thus, improving the institutional
environment suitable for innovation factor allocation can effectively
promote high-quality economic development (Yang et al., 2020).
Conversely, it can also have adverse effects. On the other hand, large-
scale and frequent economic activities and complex social relation-
ships are involved in the process of high-quality economic develop-
ment. The failure to effectively coordinate economic interests in any
link may affect the speed and quality of high-quality economic devel-
opment, leading to higher development costs (Cole et al., 2009;
Grundler & Potrafke, 2019). A coordinated institutional environment
in the current stage of development can coordinate the interests of
economies at different scales and levels and reduce the costs of high-
quality economic development (Lee et al., 2016). Based on this, we
propose our second hypothesis as follows.

H2: The institutional environment has an inverted U-shaped
effect on high-quality economic development; that is, when the insti-
tutional environment is at a lower level, optimizing it can promote
high-quality economic development. However, when the institu-
tional environment develops to a certain extent, continuing to
improve it will negatively impact high-quality economic develop-
ment.

The synergy between the institutional environment and innovation
factors on high-quality economic development

High-quality economic development driven by innovation factors
is primarily reflected at the technical level. Improvements in innova-
tion levels can improve the efficiency and reduce the cost of institu-
tional innovation. Therefore, innovation factors and institutional
innovation have strong synergistic and interactive relationships in
innovation ecosystems. Their “two-wheel driven” positively affects
total factor productivity (Liu et al., 2019), thereby attracting the flow
of innovation factors. The free flow of innovation factors carrying a
large amount of knowledge between regions drives the exchange
and cooperation between innovation subjects in different regions
(Almeida & Kogut, 1999; Zou & Ren, 2024; Huang et al., 2023), accel-
erates the spillover and sharing of innovation knowledge between
regions (Li & Wu, 2023), enhances the quality of innovation factors
(Tao et al., 2023), and promotes high-quality economic development.
Based on this, we propose our third hypothesis as follows.

H3: The synergistic effect of innovation factor allocation and the
institutional environment on high-quality economic development
has a “two-wheel driven” effect.
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Research design
A random forest regression tree model with multi-input-multi-output

The extant literature uses an indicator synthesis method for mea-
surement, which mainly determines the weight of indicators based
on the existing characteristics of the data. Differing from this
approach, this study focuses on innovation factor allocation, as inno-
vation factors serve as production factors. The importance of various
indicators of innovation factors in production influences the outcome
of economic development. We use the random forest method to
determine the importance level of various indicators, proxied by their
weight in the comprehensive indicator system (Trevor et al., 2016).

Random forest is a supervised learning, first proposed by Breiman
(2001), which mainly uses ensemble thinking and the bagging
method to integrate decision trees. Unlike most studies that only use
a single variable as a supervised label (Credit, 2022; Mizumoto,
2023), this study selects five dimensions of high-quality economic
development as output variables. Therefore, the i observation data
are denoted as(yi1,iz, -, ¥is, €1, €2, -, €;35), where y;(j=1,2,---,5)
represents the five indicators of high-quality economic development
and ey (k = 1,2, ---,35) represents the 35 indicator values of the inno-
vation factor allocation system. This is a multi-input-multi-output
random forest regression tree model.

The solution method for using the random forest model for esti-
mation is as follows: (1) We use bootstrapping to randomly sample
the standardized data, construct a random training set of Binnovation
factors, and use the minimum residual sum of squares method to
train the Bcorresponding innovation factors decision trees. (2) When
constructing a decision tree for each innovation factor, minnovation
factors are randomly selected and only their splitting point is
selected. Each time, the innovation factor ¢ that causes the most sig-
nificant decrease in the mean sum of the squared residuals rof the
five output variables is used as the splitting node. Therefore, the con-
tribution value of the innovation factor q is the magnitude of the
decrease in r. The average value of the decrease in rfor each innova-
tion factor g in each decision tree is calculate and used as the impor-
tance level of the innovation factor ¢ in that decision tree. (3) Then,
we train a random training set of B innovation factors and calculate
the average importance level of innovation factor gin each decision
tree as the final weight.

The economic meaning of random forest regression tree in this
article is that the innovation factor located at the top of the regression
tree is more important for the high-quality development of China’s
economy during the research period. Therefore, importance is used
as the weight of each innovation factor indicator to synthesize the
allocation level of innovation factors in each region.

Econometric model setting

To explore the spatial spillover effects of the impact of China’s
innovation factor allocation on high-quality economic development,
referring to Bai and Jiang (2015) and Yu et al. (2023), the following
spatial Durbin model (SDM) is used:

N N
Modell hged; = + py_Wjhqed; + Belemy + B,y Wielem;,

= =

k

+ ) 0iInX + p; + &t
=

where i represents an individual, t represents time, p is the spatial
autoregressive (SAR) coefficient, hged represents high-quality eco-
nomic development, elem represents innovation factor allocation, X
is a set of control variables, & represents the provincial effect, and ¢
represents random error terms.
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To further examine the institutional environment, and the joint
impact of the institutional environment and innovation factor alloca-
tion on high-quality economic development in China, the institu-
tional environment and interaction variables between the two are
added to construct the following model:

N
Model2 hqed;; = o + p»_W;hqed;; + p,elem;;
=

N
+ B, Wielemy, + Bsinsti; + Byinst?
j=1

+ Bsinst; - elemy;

k
+Z<9]- InX + M+ &t

=

where inst and inst® represent the institutional environment and its
square term, respectively; inst andelem represent the institutional
environment and innovation factor allocation after mean centering,
respectively; and the other variables are the same as those in Model
1.

The spatial weighting matrix represents the interrelated network
structure matrix between the regions. Owing to the flow of innova-
tion factors between regions and innovation spillover effects, the eco-
nomic behavior of regions has a spatial correlation. Following Bai and
Jiang (2015), we use the spatial correlation strength matrix of innova-
tion factor allocation, W, as a spatial weighting matrix. It is con-
structed using the modified gravitational model. As the research
period of this study is from 2009 to 2019, the mean value of the spa-
tial correlation strength of innovation factor allocation throughout
the research period s selected as the spatial weighting matrix W.

The spatial correlation strength is computed as follows:

elem; - elem;
D;

elem;
elem; + elem;

Rj = Kj Ky =

where R;represents the spatial correlation strength, and Kjrepresents
the spherical distance between the capital cities of the provinces.

Table 1
Index system of innovation factor allocation.
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Variable selection

Explained variable: high-quality economic development (hqed)

Referring to Tao and Xu (2021), Xu and Zhao (2021a), Liu et al.
(2021) and Yang and Tang (2023), and from the perspective of inno-
vation benefits, high-quality economic development in China is mea-
sured based on the development concepts of innovation,
coordination, greenness, openness, and sharing. The degree of output
driven by innovation (or innovation-driven) is measured by per cap-
ita new product sales revenue (y;), coordinated development is mea-
sured by the rationalization of industrial structure (y,, Theil index,
TL = 2 (c/Y) * In [(Yi/Y)/ (Li/L)], Yi, L; is the output of the three indus-
tries and the number of employees in the three industries), green
environmental protection is measured by sulfur dioxide emission
intensity (ys, sulfur dioxide emissions/GDP), and open cooperation is
measured by foreign capital dependence (y,, foreign direct invest-
ment/GDP), and achievement sharing is measured by per capita con-
sumption expenditure (ys).

Core explanatory variables: innovation factor allocation (elem)

First, we construct an innovation factor indicator system by refer-
ring to Tao and Xu (2021) and Xu and Zhao (2021a). The innovation
factors are subdivided into human, capital, technology, and informa-
tion innovation factors (see

Table 1). Human innovation factors refer to the labor force with
high education, strong skills, or specialization in production, research,
and development, which are the most essential factors in innovation
activities. Capital innovation factors are funds specifically used for
high-end links in the value chain. Technology innovation factors refer
to the experience, skills, knowledge, and other resources to promote
technological innovation condensed in technological innovation pro-
duction, which are mainly used in the middle end of the innovation
chain to promote product development and production of innovative
products. Information innovation factors refer to all the sharing,
timeliness, and dynamics needed in innovation production activities.
External resources mainly exist in the form of information resources.

Subsystem Subdivision system

Specific measurement indicators

Human innovation factors Human input

(x1) Full-time equivalent of R&D personnel in high-tech industries; (x,) full-time equivalent of R&D personnel in

colleges and universities; (x3) full-time equivalent of R&D personnel in R&D institutions; (X4) industrial robot

inventory
Human health
health expenditure
Human organization

(x5) Number of beds in medical and health institutions; (x¢) number of health technicians; (x) fiscal medical and

(xg) The number of high-tech enterprises; (Xo) the number of R&D institutions; (x10) the number of colleges and

universities; (x;1) the number of technology business incubators

Government

Colleges and universities
R&D institutions
Enterprise

Technology resources

Capital innovation factors'

Technological innovation
factors

(x12) Government spending on science and technology

(X43) R&D expenditures of colleges and universities

(X14) R&D institution R&D expenditures

(x15) Expenditures on R&D of high-tech industries; (x;6) financing amount of technology-based listed companies

(X47) The number of new products development projects in high-tech industries; (x;g) the number of authorized
invention patents; (X;9) the number of scientific papers, topics and scientific works

Technology development  (x,0) Expenditures for the development of new products in high-tech industries; (x»;) the amount of foreign tech-
nology import contracts; (x,,) expenditures for purchasing domestic technologies in high-tech industries

Technology transfer
Technology promotion
Information innovation Information generation
factors ports
Use of information

(x23) Expenditures for digestion and absorption; (X»4) expenditures for technical transformation
(x25) Attention to digital technology?; (x,s) degree of marketization of technological achievements
(x27) Number of Internet pages; (X,g) number of Internet domain names; (X,9) number of Internet broadband access

(x30) Number of mobile Internet users; (x3;) Internet penetration rate; (x3») home computer ownership; (x33)

weighted average broadband download rate during busy and idle time

Information sharing

(x34) Number of mobile phone base stations; (X35) mobile Internet access traffic

! R&D expenditures of universities, R&D institutions, and high-tech industries are internal expenditures excluding government funds.
2 According to the digital technology mentioned in the “Digital Economy Development White Paper”, 20 keywords were selected, and the daily search data of mobile and PC neti-
zens were obtained. Before 2011, this data only had PC data, as the development of mobile Internet before 2011 was lagging and its impact is relatively small. Meanwhile, to ensure

the integrity of the data year, this study selected the overall Baidu index.
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Second, the weight of each indicator of innovation factors under the
constraints of high-quality economic development is measured by
constructing a multi-input-multi-output random forest regression
tree model. Third, TOPSIS and grey correlation degree are used to
measure the comprehensive index of innovation factor allocation.

Institutional environment

The institutional environment refers to the policy system and
market environment that can provide the basis for innovation activi-
ties and stimulate the potential of innovation factors (Liu et al., 2019;
Chen et al., 2024). To comprehensively consider the support of the
institutional environment, following Liu et al. (2019) and Sun and
Tang (2022), we consider five perspectives: (1) Online government
(online). Online government reflects the government’s ability to serve
citizens through information technology (government websites, etc.),
measured by the online government index. (2) Government service
satisfaction (gov). This, comprising convenience and concise evalua-
tion of government administrative approval procedures, is used to
test the government’s ability to provide a convenient administrative
and regulatory environment to facilitate enterprises, measured by
the index of reduction in government intervention in enterprises. (3)
Degree of development of the non-state-owned economy (non). This
represents a sound market environment, diversification, and inclu-
siveness. (4) Digital inclusive finance (fin). The development of digital
inclusive finance provides fertile ground for extensive innovation
and promotes the improvement of innovation efficiency. It is mea-
sured by the digital inclusive finance index. (5)Proportion of market
allocated economic resources (mark). As the main system of resource
allocation, the market directly affects the transformation of produc-
tion methods in the process of resource allocation. It is measured by
the proportion of market-allocated economic resources.

Control variables

Some variables can affect high-quality economic development. On
the one hand, improving the level of infrastructure construction and
convenient transportation conditions can promote the flow of talent
(Bernard et al., 2019). On the other hand, improving the industrial
structure can promote economic development (Carree & Thurik,
1999; Peneder, 2003), while energy consumption also has a threshold
effect on green economic efficiency (Li et al., 2020). Hence, following
Li and Wu (2023), this study selects the logarithmic forms of the fol-
lowing control variables: the industrial structure (struc), measured
by the ratio of the sum of the output values of the secondary and ter-
tiary sectors to the output value of the primary sector of the econ-
omy; energy consumption intensity (ener), measured by the energy
consumption per unit of GDP; infrastructure construction (road),
characterized by the per capita urban road area; and transportation
development (trans), measured by the operating mileage of railways
in each province.

Data source

This study uses panel data of 30 provinces in mainland China
(excluding Tibet, as data on this region are missing) from 2009 to
2019. Data on innovation factors are obtained from the “China Statis-
tical Yearbook,” “China Science and Technology Statistics Yearbook,”
“China Torch Statistics Yearbook,” the website of the National Bureau
of Statistics, China Internet Development Statistics Report, and China
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Broadband Speed Report. Data on various indicators of institutional
environments are sourced from the China Information Society Devel-
opment Report and Wind database, whereas data on digital inclusive
finance are sourced from the “Peking University Digital Inclusive
Finance Index” report by the Peking University Digital Finance
Research Center. The control variable data mainly come from the
"China Energy Statistical Yearbook” and the website of the National
Bureau of Statistics. The data on the number of robots and the financ-
ing amount of technology-based listed companies are matching data.
Missing data are computed through interpolation, exponential
smoothing, and national data ratio calculations.

The data on the number of robots are obtained by matching the 31
industries of China with the 13 industries of International Federation
of Robotics (IFR) (Xu & Zhao, 2021b). These data mainly come from
the IFR itself and provincial statistical yearbooks.

The financing amount of technology-based listed companies is
obtained through manual matching of the preliminarily selected of
all A-share listed companies by referring to Fang and Guo (2005).
Specifically, in the preliminary selection, A-share listed companies
are matched with high-tech enterprises in various provinces
announced in the high-tech enterprise recognition network. Compa-
nies belonging to the network are directly selected as technology-
based listed companies and no longer participate in the selection.
Based on the selection criteria and screening procedures of Fang and
Guo (2005), and in accordance with the “Industry Classification
Guidelines for Listed Companies”, companies in the fields of whole-
sale and retail, finance and insurance, social services, transportation,
real estate, and communication and culture are excluded for further
screening. Next, after reviewing the annual reports of the remaining
listed companies after the above steps, their main business products
are compared with the high-tech products specified in “the Catalogue
of Chinese High-tech Enterprises,” and enterprises whose main busi-
ness products have not been recognized as high-tech products are
excluded. Then, to reflect the status of high-tech enterprises and the
benefits it brings to the enterprise, the following conditions are set:
the main business should be higher than 50 %; the proportion of R&D
personnel in the total number of employees exceeds 15 % (to ensure
the integrity of the research object, this proportion is set at 5 % in
Qinghai); and no abnormal financial data are found (excluding ST
enterprises). This entire process yields 2094 A-share listed compa-
nies.

Empirical results

Anselin ((1988)) believed that there was correlation among most
of the spatial data, and the economic development of a region was
not only related to itself but also affected by the spatial spillover
effect of neighboring aeras. Following Liu et al. (2021) and Li and Wu
(2023), this study uses Moran’s I index to measure the spatial correla-
tion of high-quality economic development. The results are shown in
Table 2. We find a significant spatial autocorrelation at the 1 % levels
and Moran’s I index exceeds 0, indicating a strong positive spatial
correlation in high-quality economic development.

To avoid “pseudo regression”, Hadri and IPS methods for panel
data are used to test the stability of each variable before SDM model
estimation. The results are listed in Table 3. Clearly, all variables pass
the stationarity test at least at the 5 % significance level.

Table 2

Moran’s I for spatial autocorrelation test of high-quality economic development.

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Moran’s] 01337 01347 01357 0156° 01597 0165 01617 0166 0172 01547 01527

Zvalue 4.804 4.792 4.749 5329 5.443

5.584 5.497 5.622 5.788 5.262 522

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1% respectively.
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Table 3
Stability test results of each variable.
Test hqed elem Inener Instruc Inroad Intrans
Hardi 15527 144387 109107 10886 11.116 4418
IPS -1.8277 20887 27847 24297 -1.822"7 49127
Test online gov non fin mark
Hardi 51077 8108 86637 2367 24927
IPS -5280"" -3343" 59477 -1.752" 6486
Note: The values in the table are corresponding test statistics..
Table 4
Test results of spatial econometric model selection.
Test statistics test statistics
LM (lag) test 44983 (0.000) Hausman 10.670 (0.058)
Robust LM (lag) test 54559 (0.000) Wald (SAR)  20.530 (0.000)
LM (error) test 0.773(0.379) Wald (SEM)  5.520(0.019)
Robust LM (error) test ~ 10.349 (0.001)

Note: The values in parentheses are p-values.

The LM and Hausman tests are used to determine the estimation
form of the spatial econometric model (see Table 4). Based on the LM
test results, and combined with the research objectives and spatial
weight matrix selection, the SDM with spatial lag term is selected.
According to the Hausman test results, the fixed effect model is suit-
able. According to the Wald test results, the SDM does not degenerate
into the spatial error (SEM) and SAR models. Thus, the SDM is the
optimal model in this study. Accordingly, we apply the SDM with
spatial fixed effects.

Benchmark regression analysis
Table 5 reports the baseline results of the spatial fixed effects of

model 1. Elhost (2014) pointed out that the spatial spillover effects
measured by the SDM are global effects rather than local effects and

Table 5
Benchmark regression results of spatial Durbin model.
variable (1) (2) (3) (4) (5)
elem 0.6689° 06742 0.6714" 06703 0.6445"
(2.154)  (2.060)  (2.055)  (2.028)  (1.971)
W x elem 04448 05109 -0.4973 —0.5684* —0.5848"
(-1318) (-1.449) (-1436) (-1.728) (-1.752)
In road 0.0257 00257  0.0349  0.0324
(0.881)  (0.902)  (1.209)  (1.161)
In ener —~0.0070 0.0042  0.0014
(-0.222) (0.116)  (0.037)
In struc 0.0350  0.0363
(1.394)  (1.383)
In trans 0.0215
(0.973)
P 0.70107" 06855 0.68517° 061047 0.5668 "
(6.615)  (6.070)  (6.096)  (4.205)  (3.634)
directeffect ~ 0.6803" 0.6833" 0.6780° 06718  0.6444*
(2.181)  (2.080)  (2.028)  (2.008)  (1.955)
indirect effect 0.0212  -0.1012 —0.1725 —0.4007 —0.4869
(0.039)  (-0.126) (—0.087) (-0.935) (—1.034)
total effect 07014  0.5821 05055 02711 0.1574
(1.410)  (0.754)  (0.250)  (0.648)  (0.376)
observations 330 330 330 330 330
R? 07350 07144 07359 07677  0.7036
LogL 779.7404 7814272 7815285 7857148 786.7261

Note: t values are in parentheses, *, **, and *** represent the significance lev-
els of 10%,.
5%, and 1% respectively., LogL is log likelihood.
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the analysis of the global effects is prone to errors. Hence, this study
computes both direct and indirect effects.

The SAR coefficient is significantly positive at the 1 % level, indi-
cating significant spatial spillover effects in high-quality economic
development. This result is consistent with the results of Cassar and
Nicolini (2008), Liu et al. (2021) and Yang and Tian (2023). Thus, it is
reasonable to study its spatial effects. Regardless of adding control
variables, the effects of local innovation factor allocation on China’s
high-quality economic development are significantly positive at the
5 % level. Thus, improving innovation factor allocation can indeed
promote high-quality economic development. The effects of the spa-
tial lag of innovation factor allocation on high-quality economic
development are negative, indicating that improving innovation fac-
tor allocation in adjacent areas will attract the outflow of local inno-
vation factors, thereby inhibiting high-quality economic
development (Chen et al., 2024). Thus, hypothesis H1 is supported.

Research has shown that due to the presence of interactive infor-
mation between neighboring regions, using only regression coeffi-
cients to interpret spatial estimation results can lead to bias (Lesage
& Pace, 2009), this article further analyzes the direct and indirect
effects (Liu et al., 2021). Regarding direct and indirect effects, the
improvement of innovation factor allocation can significantly pro-
mote the high-quality development of the local economy, but has a
negative but insignificant impact on high-quality economic develop-
ment of the adjacent areas. Regarding the total effect, the improve-
ment of innovation factor allocation can promote high-quality
economic development, but this effect has not been fully manifested.
On the one hand, it may be due to the overall impact of multiple fac-
tors on high-quality economic development and the crowding-out
effect (Cai & Ma, 2021; Chen et al., 2024). When other factors com-
pete with the impact of innovation factors on high-quality economic
development, it may muddle the overall effects. On the other hand,
the improvement of innovation factor allocation also requires the
concurrent development of various innovation factors (Hsieh & Kle-
now, 2009; Restuccia & Rogerson, 2013; Brandt et al., 2013). The
improvement in the comprehensive allocation level of innovation
factors caused by the improvement of certain factor allocation will
instead result in factor mismatch and weaken the efficiency of inno-
vation factor allocation (Restuccia & Rogerson, 2013; Zhang et al.,
2023), thereby affecting high-quality economic development.

Robustness test

The robustness of the model results is tested by gradually adding
control variables. The coefficient of the core explanatory variable,
innovation factors, has the same sign and significance level, except
for the difference in size, indicating the robustness of the baseline
regression results.

The impact of the institutional environment

The institutional environment of a region is an important factor
for measuring the quality of the regional government. The deteriora-
tion of the institutional environment will affect the business environ-
ment, create unfair competition, and finally negatively impacts local
enterprises and economic development (Cole et al., 2009; Grindler &
Potrafke, 2019; Liu et al., 2021; Chen et al., 2024). To explore the dif-
ferences in the impact of different types of institutional environments
and their synergy with innovation factors on high-quality economic
development, this study estimates the results using SDM with spatial
fixed effects based on model 2.

Table 6 reports the estimation results of stepwise regression for dif-
ferent types of institutional environments. The SAR coefficients are sig-
nificantly positive regardless of adding control variables. This
demonstrates that high-quality economic development has significant
spatial spillover effects. The result is also consistent with the results of



Table 6

SDM estimation results of stepwise regression in different types of institutional environments.

variable online government (online) government service satisfaction (gov) non-state-owned economy’s development (non)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5) (1) (2) (3)
elem 05138 0.4883* 04845 0.4880" 0.4592" 0.5140* 0.5173* 0.5179* 0.5160* 0.4931* 0.4522"" 04019 03955
(3.008) (2.698) (2.736) (2.803) (2.496) (1.845) (1.759) (1.765) (1.735) (1.664) (4.060) (3.042) (3.119)
W x elem —0.1658  —02427  -0.2795 -0.2923 -0.3101 —~0.3300  —0.4348 —0.4388 -05016  —0.5260  —0.3184 -0.3524 —0.3863"
(-0.697)  (-0912)  (-1.115) (-1236) (-1326) (-1.025) (-1284) (-1324) (-1542) (-1.606) (—1.415) (~1.494) (~1.909)
inst 0.1932" 0.1995" 0.1917" 0.1930" 0.1830" 0.0069™ 0.0066" 0.0066™ 0.0066" 0.0062" 0.0518™" 0.0495™" 0.0484""
(2.113) (2.432) (2.401) (2.417) (2.204) (2.142) (2.079) (2.092) (2.030) (2.004) (3.853) (4.548) (4.345)
inst? ~0.1302 —0.1440*  -0.1335*  —0.1352*  —0.1349* —0.0008* —0.0007* —0.0007* —0.0008*  —0.0007* —0.0030"" —0.0029" —0.0028"
(-1548) (-1911) (-1.817) (-1.809) (-1.810) (-2.085) (-1.927) (-1.939) (-1.925) (-1.933) (-3.688) (—4.491) (—4.362)
elem x inst 099557 1.2436" 132347 130357 132327 0.04737 0.0560" 0.0563" 0.0540" 0.0547" 0.1581"" 0.1794™ 0.1858™"
(2.884) (4.396) (4.326) (4.542) (4.660) (2.051) (2.428) (2.278) (2.273) (2.307) (7.009) (7.457) (7.006)
Inroad 0.0648" 0.0685" 0.0694" 0.0697" 0.0396 0.0397 0.0469* 0.0453* 0.0742"" 0.0796™"
(2.502) (2.474) (2.530) (2.547) (1.506) (1.514) (1.786) (1.755) (2.751) (2.709)
Inener 0.0331 0.0341 0.0315 0.0018 0.0116 0.0096 0.0324
(0.912) (0.872) (0.804) (0.054) (0.291) (0.240) (0.985)
Instruc 0.0064 0.0081 0.0319 0.0331
(0.302) (0.389) (1.396) (1.402)
Intrans 0.0233 0.0206
(1.039) (1.087)
o 0.5062" 044717 041957 0.4068" 0.3732" 07256 07080 07082  0.6417" 0.6021" 0.5707"" 0.4687"" 0.4509""
(3.538) (2.946) (2.685) (2.421) (2.060) (7.186) (6.738) (6.840) (4.981) (4.411) (4.337) (2.773) (2.641)
direct effect 052327 04928 048757 04899  0.4614" 0.5254* 0.5224* 0.5192* 0.5105* 0.4874* 0.4510"" 03994 03913
(3.052) (2.723) (2.754) (2.817) (2.498) (1.887) (1.697) (1.784) (1.729) (1.635) (4.181) (3.086) (3.137)
indirect effect  0.1580 -0.0784  -0.1601 —0.1996 —-02306  0.0664 —-0.1954  —0.3092 05668  —0.6065 —0.1998 —0.3339 —0.4148
(0.615) (-0237)  (-0532) (-0.329) (-0.794)  (0.108) (-0.074)  (-0466) (-0.727)  (-0.675)  (—0.470) (—0.846) (~1.183)
total effect 0.68127"  0.4143* 0.3275* 0.2903 0.2308 05918 0.3270 0.2100 ~0.0563 -0.1191 0.2512 0.0654 -0.0234
(3.585) (1.741) (1.700) (0.506) (1.139) (1.053) (0.121) (0.363) (-0.079)  (-0.135)  (0.670) (0.202) (~0.081)
observations 330 330 330 330 330 330 330 330 330 330 330 330 330
R? 0.7196 0.6063 0.3864 0.4489 0.2557 0.6849 0.6503 0.6410 0.7332 0.6504 0.7197 0.4912 0.2799
LogL 803.7612  813.7339  816.0475 816.1880 8172885  792.6541 7965412  796.5485  800.3478  801.3332  837.1155 852.6391 855.4547
variable digital inclusion finance (fin) the proportion of market allocated economic resources (mark)
(4) (5) (1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
elem 040317 03700 0.5418"" 0.5350"" 05389 05366 0.4995™" 0.5616* 0.5359 0.5341 0.5417 05111
(3.115) (2.693) (3.430) (3.006) (3.386) (3.720) (3.296) (1.802) (1.581) (1.569) (1.584) (1.520)
W x elem —04127"7 —0.4128"  —04127" —-04515" -0.5262"" -0.4707"" —~0.4609"" -0.3508  —0.4155  —0.4230 04932  —0.5078
(—2.086)  (-2.064)  (-2.435) (-2.507) (-3.183) (—2.760) (—2.587) (-1.024)  (-1.126)  (-1.175) (-1.454) (-1.477)
inst 0.0495" 0.0504"" 0.0002 0.0002 0.0002 0.0002 0.0001 0.0145* 0.0184" 0.0187*&  0.0181* 0.0181*
(4.237) (4.390) (0.969) (0.870) (0.959) (0.792) (0.784) (1.802) (2.002) (1.858) (1.803) (1.785)
inst? —0.0029°  -00029" —249x10°% —122x1077 —147x1077 —596x10"% —1.12x10"7  —0.007 —0.0009*  —0.0009*  —0.0009*  —0.0009*
(—4206)  (-4.364)  (-0.067) (—0.291) (—0.366) (—0.130) (-0.252) (-1.442) (-1.827) (-1.780) (-1.741)  (-1.733)
elem x inst 018377 018577  0.00117 0.0015” 0.0016™ 0.0017"" 0.0018™" 0.0608 0.0785* 0.0809 0.0752 0.0765
(7.153) (7.244) (2.568) (2.557) (2.838) (3.140) (3.416) (1.384) (1.872) (1.541) (1.484) (1.485)
Inroad 0.0806™" 0.0785"" 0.0649" 0.0695" 0.0654" 0.0654" 0.0377 0.0380 0.0458 0.0434
(2.733) (2.759) (2.063) (2.053) (1.989) (2.049) (1.312) (1.305) (1.559) (1.515)
Inener 0.0343 0.0312 0.0484 0.0452 0.0428 0.0055 0.0148 0.0121
(0.968) (0.882) (1.307) (1.183) (1.141) (0.142) (0.348) (0.283)
Instruc 0.0134 0.0164 -0.0220 —0.0185 0.0324 0.0338
(0.833) (1.083) (~0.976) (—0.904) (1.370) (1.367)
Intrans 0.0249 0.0289 0.0232
(1.371) (1.438) (1.071)

(continued on next page)
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Table 6 (Continued)

the proportion of market allocated economic resources (mark)

digital inclusion finance (fin)

variable

4)

)

(5)

4)

(2)

(1)

4)

0.5641""
(3.726)
0.5100
(1.516)

0.6122""
(4.369)

0.6819™
(6.090)
0.5424
(1.572)

0.6818""

(6.026)

0.7048""
(6.732)

0.3652"" 0.3373" 0.3502" 0.3055"
(2.462) (2.396) (1.964)

(2.869)

0.3759"
(2.902)

04216~
(2.248)

0.3586*
(1.854)

0.4998""
(3.230)

0.5361"
(3.630)

05374
(3.307)

0.5349""
(2.950)

0.5420""
(3.369)

0.3664""

(2.696)

0.3990""
(3.114)

0.5442
(1.560)

0.5422
(1.600)

0.5756*
(1.842)
0.1068

(0.244)

direct effect

-0.4963"
(~2.300)
0.0410
(0.163)

330

~05213
(~0.894)
—0.0114
(~0.023)

330

~03821
(~0.303)
0.1621
(0.125)

330

~0.1554
(~0.169)
0.3869
(0.417)
330

~0.1979
(~0.308)
0.3443
(0.609)
330

—0.4067
(~1.636)
0.0930
(0.329)

330

~0.3952
(~1.449)
0.1409
(0.448)
330

~0.3886*
(-1.753)
0.1464
(0.594)
330

—0.3274
(~1.605)

02145
(0.994)
330

—0.4705
(-1.051)
~0.1041
(~0.258)

330

—0.4445

(~1.160)

—0.0455
(~0.135)

330

indirect effect

0.6823*
(1.914)

330

total effect

observations

0.2739 0.6687 0.5396 0.1887 0.0204 0.0021 0.7080 0.6233 0.5894 0.7116 0.6022

0.4319

785.9955  786.0534  789.7081 790.9068

833.1814 838.9049 840.5634 842.7419 782.5660

858.0964 821.5742

856.2093

LogL

Note: t values are in parentheses, *, **, and *** represent the significance levels of 10%, 5%, and 1% respectively.
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Cassar and Nicolini (2008) and Liu et al. (2021); Under different types
of institutional environments, the impact of innovation factor alloca-
tion on high-quality development of the local economy is significantly
positive, demonstrating the robustness of the conclusions. We know
that factors especially capital tends to flow into coastal port cities or
special economic zones that are open to the outside world (Head &
Ries, 1996), and owing to the agglomeration and crowding-out effects
of innovation factors (Yu et al., 2023; Chen et al., 2024). Notably, the
improvement in innovation factor allocation in neighboring areas neg-
atively affects the high-quality development of the local economy, but
this impact is not significant under the three institutional environ-
ments of online government, government service satisfaction, and pro-
portion of market allocated economic resources.

The results in Table 6 reveal that the coefficients of online govern-
ment, government service satisfaction, degree of development of the
non-state-owned economy, and proportion of market allocated eco-
nomic resources in the first-order term are significantly positive,
whereas the coefficients of their square terms are significantly nega-
tive. The results are consistent with Wu (2013). Thus, improving
these factors can effectively promote high-quality economic develop-
ment, but only up to the critical values as they have inverted “U”
shaped relationships with high-quality economic development. The
coefficient of the first order term of the digital inclusive finance index
is positive, while the coefficient of the square term is negative but
not significant. Thus, although digital inclusive finance may currently
promote high-quality economic development, inferring the persis-
tence of this effect is challenging. Clearly, none of the five types of
institutional environmental indices have crossed the critical values,’
indicating that effectively improving each type of institutional envi-
ronment can promote high-quality economic development at the
current stage. The results will intensify market segmentation in dif-
ferent regions of China (Lee et al., 2016; Bian et al., 2019; Liu et al.
2021; Yang & Tian, 2023). Thus, hypothesis H2 is supported.

Comparing the impact of innovation factor allocation on the high-
quality development of the local economy under the influence of five
different institutional environments, we find that innovation factor
allocation under the influence of the proportion of market allocated
economic resources has the strongest but insignificant effect on the
high-quality development of the local economy, followed by digital
financial inclusion (see Table 6). Financial benefits, government ser-
vice satisfaction, online government, and degree of development of
the non-state-owned economy have significant impacts. The negative
spillover effect of innovation factor allocation is the largest but not
significant under the influence of government service satisfaction,
followed by the proportion of market allocated economic resources,
digital financial inclusion, non-state-owned economy’s development,
and online government. Next, the interaction coefficient of online
government index and innovation factor allocation is the largest, fol-
lowed by non-state-owned economy’s development and the propor-
tion of market-allocated economic resources (not significant),
government service satisfaction, and digital financial inclusion. Over-
all, the innovation factor allocation under the influence of the online
government has the strongest and most significant role in promoting
high-quality economic development, while its negative spillover
effect is the weakest. This indicates that improving the government’s
ability to serve people’s livelihoods can maximize the role of innova-
tion factor allocation in promoting high-quality economic develop-
ment. The results of the regulatory effect of institutional
environment are consistent with Lee et al. (2016) and Liu et al.
(2021). Thus, hypothesis H3 is supported.

3 The mean online government index value is smaller than the critical value
(0.5627<0.6783). Similar relationships are observed for government service satisfac-
tion (3.4229<4.4286), degree of development of the non-state-owned economy
(7.3698<8.6897), digital financial inclusion index (171.5147<446.4286), and propor-
tion of market allocated economic resources by the market (7.5711<10.0556).
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Regarding direct and indirect effects (see Table 6), under the influ-
ence of different institutional environments, improving innovation
factor allocation significantly promotes the high-quality develop-
ment of the local economy, while resulting in negative spatial spill-
over effects on the high-quality development of the surrounding
areas. While the overall effect of improved innovation factor alloca-
tion on high-quality economic development is positive, this effect is
heterogeneous and not significant. Innovation factors indeed serve as
the driving force for high-quality economic development. Their
higher allocation can effectively promote high-quality economic
development. However, innovation factors have agglomeration char-
acteristics, crowding effects, competition effects, and scale effects,
among others, and are limited. Furthermore, improvements in local
innovation factor allocation may lead to the outflow of innovation
factors from neighboring regions, inhibiting their high-quality eco-
nomic development. The effective utilization of innovative factors
results from the combined effect of these multiple factors, which is
insignificant in this case.

Conclusions

As the main input factor for innovative production, innovation
factors play an important role in high-quality economic development.
Furthermore, the institutional environment, as the market environ-
ment, can stimulate the potential of innovation factors while playing
a regulatory role in unleashing their potential (Lee et al., 2016; Yang
et al,, 2020; Liu et al., 2021; Yang & Tian, 2023). Although the studies
have incorporated innovation factors and the institutional environ-
ment into a unified framework to explore their impact on high-qual-
ity economic development, few have explored the regulatory effects
of multiple institutional environments (Li & Wu, 2023). This study
constructs an indicator system for innovation factor allocation and
high-quality economic development under the guidance of the
“Three Major Changes” and “Five Development Concepts” First, we
integrate innovation factor allocation and high-quality economic
development into a unified framework and construct a multi-input-
multi-output random forest regression tree model to calculate the
weights of various indicators of innovation factors. Second, the TOP-
SIS and grey correlation methods are used to measure the level of
innovation factor allocation in various provinces of China from 2009
to 2019. Based on this, a modified gravity model is used to construct
a spatial correlation network for innovation factor allocation. Finally,
a directed weighted network is used as the spatial weight matrix to
explore the spatial effects of innovation factor allocation on high-
quality economic development under different types of institutional
environments. Our work and its insights can help governments at all
levels in optimizing innovation factor allocation, and provide a theo-
retical and empirical basis for formulating better policies for high-
quality economic development.

The conclusions are as follows: Improving innovation factor allo-
cation can significantly promote the high-quality development of the
local economy, but has negative spatial spillover effects on the high-
quality development of neighboring economies. The impacts of the
different types of institutional environments on high-quality eco-
nomic development exhibit an inverted “U” shape. The institutional
environments, including online government, government service sat-
isfaction, non-state-owned economy’s development, digital financial
inclusion, and proportion of market allocated economic resources,
have not crossed the threshold values and can continue to promote
high-quality economic development. Meanwhile, the institutional
environment’s effective collaboration with innovation factor alloca-
tion can further stimulate the latter’s potential and strengthen the
positive impact of innovation factor allocation on high-quality eco-
nomic development. In particular, the positive effects of online gov-
ernment are the strongest, while its negative impacts are the
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weakest. Our results remain stable after robustness analyses using
gradually adding control variables.

Policy implications

First, the government should consider optimizing innovation fac-
tor allocation and consolidating the endowment of innovation
resources. Leveraging the key roles of human innovation factors in
the innovation ecosystem, policy makers should attach importance
to human health investment, establish a sound medical and health
security mechanism, and improve the quality of health of the popula-
tion. Further, they should actively promote the construction of
human resource organizations and improve the sharing mechanism
for talent mobility. Moreover, policymakers should optimize the
investment structure of science and technology funds, appropriately
increase investment in basic research, and focus on the transforma-
tion and promotion of scientific and technological achievements to
enhance the competitiveness and innovation strength of industry.
Next, tapping into the potential of information innovation factors
and stimulating their powerful potential is important. On the one
hand, it is necessary to strengthen the capabilities of information col-
lection, transmission, and processing; deepen the big data develop-
ment strategy; focus on building a supply chain of information
innovation factors; broaden their application scope; and promote
their collaborative configuration through their collaborative penetra-
tion characteristics. On the other hand, it is necessary to improve the
quality of information usage, deeply explore the potential value
behind information, and fully leverage the sharing characteristics of
information innovation elements.

Second, the government should improve the socialist market
economy system and fully leverage its advanced roles. The vigorous
development of the non-state-owned economy, expanding its share
in the socialist market economy, actively promoting online govern-
ment services, improving the efficiency of government service enter-
prises, developing digital inclusive finance, unblocking financing
channels for small and medium-sized enterprises, and improving the
relationship between the government and the market, among other
things, can strengthen the potential of innovation factors and pro-
mote high-quality economic development. In particular, enhancing
the ability of online government to serve the people can have the
largest impacts in promoting high-quality economic development.

Third, policy makers should promote the efficient flow of innova-
tion factors, thereby promoting balanced regional development. In
particular, efforts should be made to optimize the spatial correlation
network of innovation factor allocation; strengthen communication
and connections between regions, especially in provinces located at
the edge of the network; actively expand communication channels;
strengthen innovation exchanges with economically developed prov-
inces; establish long-term stable cooperative relationships;
strengthen talent introduction efforts; and drive the efficient inflow
of other innovation factors by introducing talent, especially informa-
tion innovation factors, which may help the central and western
regions in “surpassing the bend.”

Limitations and future research directions

First, this study only discusses the impact of the different types of
institutional environments on enhancing innovation factor allocation,
and thus, high-quality economic development. Another area worthy
of exploration is the underlying mechanisms. Second, this study only
considers the impact of innovation factor allocation and the institu-
tional environment on high-quality economic development at the
innovation factor allocation level. However, this influence is part of a
relatively complex process. Scholars should explore how the methods
and structures of innovation factor allocation affect high-quality eco-
nomic development.
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