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Abstract. High-quality innovation is an inevitable requirement for high-quality economic devel-
opment, and an accurate grasp of the regional distribution characteristics of the level of high-
quality innovation development (HQID) can better understand and simulate high-quality in-
novation. This paper constructs a dataset of high-value inventions based on the Chinese patent 
database using textual analysis methods and the criteria for High-Quality Inventions proposed 
by the State Intellectual Property Office, and explores inter-provincial variability and convergence 
by using the Theil index, s convergence, and b convergence. This paper finds that High-Quality 
Inventions are significantly and positively correlated with various indicators measuring the quality 
and value of patents. In general, the overall level of HQID is on an upward trend with clear differ-
ences among provinces, which shows a regional unbalanced but overall rapid development. From 
the regional differences of HQID, the regional differences of HQID have been narrowed, mainly 
within the region. In terms of the convergence of HQID, s convergence, absolute b convergence, 
conditional b convergence, and club convergence exist nationally and within each region, which 
indicates that the gap between the national and regional levels of HQID has been narrowing over 
time. HQID has a positive promotion effect on the relationship between HQID and economic 
growth, economic growth rate, and total factor productivity. High-quality innovation can im-
prove the quality of input factors, cultivate new dynamic energy for economic development, and 
then promote high-quality economic development. In the context of the shift of IP work from 
pursuing quantity to improving quality, the scientific understanding of high-quality innovation, 
the development status, and the differences of regional innovation high-quality development is 
of great significance for improving innovation quality and efficiency, and effectively supporting 
high-quality economic development.
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Introduction

As a driving force for economic growth and social advancement, innovation plays an impor-
tant role (Grossman & Helpman, 1991; Aghion & Howitt, 1992; Acemoglu & Akcigit, 2012). 
Through its population, capital, and institutional dividends, China’s economy has achieved 
high growth rates since the reform and opening up. As a result of the gradual release of the 
dividend, the factor-driven development path is unsustainable, and innovation has become 
an increasingly important thrust of economic development (Zheng et al., 2009; Wei et al., 
2017; Tian, 2019). China’s R&D investment increased from 0.90% in 2000 to 2.23% in 2019, 
which indicates that China’s investment in innovation has increased continuously over the 
past two decades. Nevertheless, innovation output is primarily “strategic innovation” (Jin 
et al., 2019; Qin & Xiong, 2022), lacking “substantive innovation” (Long & Wang, 2018) in 
line with high-quality development requirements, as well as having yet to master core tech-
nologies in strategic emerging industries.

Patents can objectively measure the performance of scientific and technological output, 
are an important aspect reflecting a country’s innovation activities at the macro and micro 
levels, and play a decisive role in the improvement of a country’s independent innovation 
capacity and economic growth (Hu & Jefferson, 2009). As a result, patent-related measures 
are considered important indicators of the level of innovation. In previous studies, the num-
ber of patent applications and grants has long been used as a measure of innovation per-
formance (Griliches, 1998; Hall & Harhoff, 2012). In recent years, as the institutional and 
market environments increased the requirements for innovation quality, the literature has 
paid attention to exploiting patent characteristics such as the number of patent forward cita-
tions, the number of patent claims, and the number of patent families to measure innovation 
quality (Lerner et al., 2011). However, are these patent characteristics a reasonable measure 
of innovation performance? This issue has been heatedly debated in the academia, and no 
conclusion has been reached. In the past, the lack of objective, authoritative criteria made 
developing a measure of the level of high-quality innovation development (HQID) difficult. 
The Outline of the 14th Five-Year Plan and the Outline of Building a Country with Strong 
Intellectual Property Rights (2021–2035) introduced the indicator of “high-value invention 
patents per 10,000 people” for the first time, replacing the indicator of “invention patents per 
10,000 people” during the 12th and 13th Five-Year Plans, respectively, which provides a new 
measure for studying high-quality innovation.1 Thus, this paper first compares this indicator 
with commonly used standards in the past literature and uses this new measure to estimate 
the level of regional innovation quality development more reasonably.

The concept of regional innovation refers to a region’s overall innovation capacity or all 
its innovation achievements in terms of all R&D activities and research projects (Asheim 
& Gertler, 2006; Zhang, 2021). The existing measures of regional innovation are divided 
into two categories, indirect measurement, which assesses the level of regional innovation 
based on the efficiency of R&D innovation (Li, 2009; Kim et al., 2011; Chen & Guan, 2012; 
Xu et  al., 2022), and direct measurement, in which patents are more commonly used in 
the literature to measure the level of regional innovation (Acs et al., 2002; Li et al., 2014; 

1 An extended discourse on the interrelation between patents and innovation is available in the Appendix.
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Jiang et al., 2022). As an important aspect of regional innovation activities, patents filed in 
a certain region objectively measure its scientific and technological output at the macro and 
micro levels, playing a crucial role in regional innovation capacity and economic growth 
(Hu & Jefferson, 2009; Moser, 2013; Akcigit et  al., 2016; Acemoglu et  al., 2018; Zacchia, 
2019). The majority of studies measuring regional innovation levels use the number of pat-
ent filings (Wang et al., 2016; Hong et al., 2019; Zeng et al., 2019; Yang et al., 2021) without 
considering patent quality (Bai, 2013). Only a few studies have examined patent quality in 
terms of forwarding citations (Huang et al., 2020; Jiang et al., 2022), patent breadth (Gu, 
2022), and claims (Dang & Motohashi, 2015), but the above indicators also present limita-
tions, especially when the patent features are aggregated at the regional level. This situation 
is manifested in three aspects: First, an evident time lag is observed in the number of patent 
forward citations, and direct summation brings truncation problems. Second, uncertainty 
exists in the relationship between the number of patent claims and innovation quality, which 
is not a simple linear positive correlation. Third, the regional composition of industries and 
technology fields and inventor characteristics also have a significant heterogeneous effect on 
these indicators. Patent filing propensity and patent citation propensity vary greatly across 
industries and technology fields, and inventor characteristics between regions also have a 
great effect on characteristics such as forward citations, patent width, and patent claims. 
Thus, directly aggregating patent characteristics at the regional level for cross-industry and 
technology field comparisons can bring serious bias to the results. Accordingly, reasonable 
metrics for measuring the quality of regional innovation in China has long been lacking.

An accurate description and scientific measurement of high-quality innovation are ur-
gently needed to drive high-quality economic development. Previously, the development 
pattern of regional innovation quality was difficult to measure due to the lack of objective, 
authoritative standards. The change in innovation orientation resulted in the State Intellectual 
Property Office (SIPO) and the 14th Five-Year Plan outline five dimensions for determining 
High-Quality Invention Patents. Based on the Chinese patent database, this paper constructs 
a high-value invention patent database using textual analysis based on the criteria for de-
termining high-value invention patents proposed in the 14th Five-Year Plan, adding to the 
existing literature on indicators of China’s innovation quality. This paper also analyzes Chi-
nese innovation quality development based on regional differences and convergence using 
the Theil index and spatial measures to provide a basis for understanding China’s innovation 
quality development.

This paper’s primary goal is to capture realistic measurement, further bridging the gap 
in research on regional innovation differences and convergence about the measurement and 
decomposition of HQID and its inequality in the context of China. First, a new definition 
named High-Quality Inventions issued by the SIPO is adopted as an innovation ability as-
sessment index based on the specific requirements, including the industry the patent belongs 
to, the patent family, the patent maintenance, the patent transactions, and the patent awarded 
to examine regional innovation development more thoroughly and reasonably. To the best of 
our knowledge, this is the first paper that evaluates the High-Quality Inventions issued by the 
SIPO and uses this criterion to measure the degree of regional innovation in China. Second, 
to understand the convergence and specific mechanisms of different factors of technological 
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innovation in eastern, central, and western China, this paper adopts a dynamic perspective, 
using the Theil index and multiple spatial measures to analyze the regional differences and 
convergence of regional innovation and exploiting the Panel Vector Autoregression (PVAR) 
model to explore the relationship between HQID and industrial structure upgrade and eco-
nomic growth, elucidating and illuminating some arguments and discrepancies of earlier 
studies. Thus, this paper deepens our understanding of regional high-quality innovation and 
provides recommendations for policymakers on how to narrow the regional innovation and 
growth gaps.

The remainder of this paper is organized as follows. Section 1 provides a methodology 
introducing the measurement of high-quality innovation and discrepancy measures. Section 
2 presents the results of indicator measurements. Section 3 analyzes the regional convergence 
of high-quality development of innovation in China. The last Section concludes the paper 
with a discussion of policy implications.

1. Methods

On March 29, 2021, the SIPO for the first time defined High-Quality Inventions, which need 
to satisfy at least one of five requirements: (1) patents in strategic emerging industries, (2) 
patents with overseas patent family, (3) patents with a maintenance period of more than 10 
years, (4) inventions with a higher pledged financing amount, and (5) inventions with the 
National Science and Technology Award or the China Patent Award. Moreover, the 14th 
Five-Year Plan for the entire country and each province mentions better protection and 
incentives for high-value patents and incorporates “owning high-value invention patents” as 
a primary indicator of economic progress and social development. As for the three types of 
patents, namely, inventions, utilities, and designs, in China’s patent system, only inventions 
are subject to substantive examination, whereas utilities and designs can be granted after 
formal examination. Thus, according to the existing literature, inventions represent substan-
tive innovation, whereas utilities and designs represent strategic innovation. Therefore, our 
focus is mainly on inventions with the highest technological content and the greatest inno-
vation contribution. By defining high-value invention patents, this paper assesses the level 
of high-quality innovation nationwide and by region, and examines regional differences in 
HQID, which sheds new light on understanding high-quality innovation and is crucial to 
promoting HQID.

1.1. Measurement of regional high-quality innovation 

This paper utilizes patent data obtained manually from the China Intellectual Property Of-
fice’s patent search website, which contains information on all invention patents applied with 
the SIPO between 1992 and 2016, with December 2016 as the cut-off date for observation. 
These data provide information regarding the characteristics and status of the patents from 
the time of application, including application number, application date, priority date, disclo-
sure number, disclosure date, grant date, expiration date, International Patent Classification 
(IPC) number, applicant, applicant country, applicant province, applicant city, applicant de-
tailed address, inventor, patent family, and legal status information. 
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To determine whether a patent is high quality, the SIPO’s high-quality innovation defini-
tion is applied using the following specific steps: (1) The patent data are divided into three 
categories depending on the type of patent, namely, inventions, utilities, and designs. As this 
paper focuses on Chinese high-quality innovation, the scope of consideration is limited to 
inventions granted to Chinese innovators. (2) Whether a patent belongs to a certain strategic 
emerging industry is determined by matching the “Strategic Emerging Industries Classifica-
tion and International Patent Classification Reference Relationship Table (2021) (Trial)” with 
the IPC number of the patent. (3) According to the patent family information, the applica-
tion number of the patent family is analyzed, the distribution countries of the patent family 
is determined, and whether the patent has an overseas patent family is verified. (4) Based 
on the grant date and expiration date of the patent, whether its maintenance period exceeds 
10 years is determined. (5) The legal status information of the patent contains information 
regarding its pledge. Based on the patent application number and legal status information, 
the patent pledge information is extracted using textual analysis. (6) The patents that have 
received the China Patent Award during the period 1992–2016 based on the information 
provided by the SIPO are manually obtained. Therefore, a complete database of high-value 
patents is obtained and includes patent application number, applicant province, applicant 
city, grant status (dummy), strategic emerging industry it belongs to (dummy), overseas pat-
ent family (dummy), if maintenance period exceeds 10 years (dummy), pledge information 
(dummy), the National Science and Technology Awards or China Patent Awards (dummy), 
and high-value invention (dummy).

To assess the quantity and proportion of high-value inventions granted in province i in 
year t, the High-Quality Inventions data are aggregated at the province-year level, as depicted 
in Equation (1). This study examines the extent of high-quality innovation across provinces 
by comparing the percentage of patents awarded for high-value inventions.
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In this context, hpatenti,t denotes the percentage of high-value invention patents granted 
in province i in year t, while patenti,t refers to the total number of invention patents granted 
in province i in year t. We employ an indicator function to ascertain whether an invention 
patent p, granted in province i in year t, meets the criteria for a high-value invention. Subse-
quently, we calculate the sum of patents fulfilling the high-value invention requirements, i.e., 
the number of high-value invention patents granted in province i in year t.

1.2. SIPO High-Quality Inventions

How is the definition of High-Quality Inventions issued by the SIPO evaluated? Various 
patent characteristics of High-Quality Inventions are compared with those of other inven-
tions to examine whether High-Quality Inventions indeed have high quality. To provide a 
comparison with the patent quality measures used in the existing literature, 14 patent quality 
measures are selected.
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First, value is obtained from the PatSnap patent value assessment model (https://www.
patsnap.com), which combines 25 dimensions of patent characteristics and global patent 
operation transaction data for professional patent value assessment. Patent value has a posi-
tive relationship with patent quality, i.e., the higher the patent value is, the higher the patent 
quality (Hall et al., 2005; Kogan et al., 2017). Claims are the scope of right protection of a 
patent, and pages are the number of pages of a patent application. These two indicators are 
often used to measure the scope and boundary of the claims of a technical solution (Lanjouw 
& Schankerman, 2004; Harhoff, 2016; Marco et al., 2019). Family members are the scale of 
the patent family reflecting the IPR layout of a patent, and family countries are the number 
of countries involved in the patent layout. The index related to the patent family shows the 
market scope of the patent. The larger the scale of the patent family is, the broader market 
distribution of the patent, so that the patent has higher quality and profitability (Harhoff 
et al., 2003; Squicciarini et al., 2013; Higham et al., 2021). The number of inventors refers to 
the human capital involved in developing the patent. Generally, the higher the number of 
inventors is, the higher the technical difficulty and complexity contained in the patent (Tra-
jtenberg et al., 2009; Mann & Underweiser, 2012). PCT (dummy) refers to whether the patent 
has been internationally filed, and the PCT is generally considered to be of higher quality 
(Boeing & Mueller, 2019; Zhao, 2022). Firm applicant refers to whether an enterprise appli-
cant exists among the patent applicants. Compared with other types of patentees, enterprises 
are less constrained to invest in R&D in the process of research and development, and thus, 
the higher the quality of the patent. Breadth refers to the number of different classification 
numbers to which the patent belongs. The more classification numbers a patent belongs to, 
the higher the quality of the patent (Gu, 2022). The number of forward citations is the most 
commonly used indicator in measuring the quality of innovation (Jaffe et al., 1993; Shu et al., 
2022). When comparing the citations of different patents, the window period to decrease the 
problem of truncation must be considered. Table 1 shows that the quality of High-Quality 
Inventions is significantly higher than that of other inventions in the comparison of these 
indicators. Second, licensing and assignment reflect the market demand for patents (Galasso 
et al., 2013; Figueroa & Serrano, 2019), which is also an aspect of innovation quality. Whether 
it is licensed or assigned, the market demand for High-Quality Inventions is higher than the 
market demand for other inventions on average.

The above results indicate that High-Quality Inventions are significantly and positively 
correlated with various indicators measuring the quality and value of patents. Therefore, 
the definition of High-Quality Inventions issued by the SIPO is a reasonable standard for 
measuring patent quality. In the following, the regional high-quality innovation in China is 
measured and analyzed based on this new indicator.

1.3. Measurement of Theil index and its decomposition

This paper uses the treatments of Mao and Ma (2021) and Ying et al. (2021) to examine the 
regional differences in the development of innovation quality in China and their sources to 
reveal these regional differences. The Theil index is used to break down the overall differ-
ences in innovation quality development into intra-regional and inter-regional differences. 
The specific decomposition formula is as follows.
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Consistent with Section 1.1, we assess the extent of high-quality innovation across prov-
inces by examining the percentage of patents awarded for high-value inventions. In Equation 
(2), T denotes the average difference in high-quality innovation, i represents a province, n 
represents the number of provinces in the country, hpatenti indicates the level of high-quality 
innovation in province i, and ave_hpatent denotes the national average value of high-quality 
innovation. The Theil index value ranges between [0, 1]; the smaller the value, the lesser the 
difference in HQID. In Equation (3), Tj represents the overall difference in the Theil index of 
HQID levels among the three regions (j = 1, 2, 3), and nj signifies the number of provinces 
in the eastern, central, and western regions. The innovation quality development level for 
province i in region j is represented by the hpatentij value, while the average innovation qual-
ity development level in region j is denoted by the ave_hpatentj value. Equation (4) further 
decomposes the Theil index of high-quality innovation levels into the Theil index of intra-
regional variation, Tw and the Theil index of inter-regional variation, Tb.

Table 1. Comparison of ordinary inventions and high-quality inventions

Variables
Mean Mean

Diff.Ordinary Inventions
(Obs. 452374)

High-Quality Inventions
(Obs. 886609)

Value 6.827 7.275 –0.448***
Claims 5.072 6.016 –0.945***
Pages 9.196 10.757 –1.561***
Family members 2.021 2.297 –0.276***
Family countries 0.997 1.163 –0.166***
Inventors 3.429 3.716 –0.287***
PCT (dummy) 0.050 0.063 –0.013***
Firm applicant (dummy) 0.514 0.556 –0.043***
Breadth 2.387 2.458 –0.071***
Forward citations in 3 years 1.019 1.281 –0.262***
Forward citations in 5 years 1.456 1.830 –0.374***
license 0.024 0.026 –0.002***
Assign 0.104 0.107 –0.003***

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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1.4. Convergence mechanism

(1)	 s convergence. In the context of this paper, s convergence is the deviation of innovation 
quality development from the average level among regions showing a gradual decrease 
over time. As stated in Lv et al. (2021), Kowalski (2022), and Xu et al. (2022), the coef-
ficient of variation is used as a measurement method, and the indicator is constructed, 
as shown in Equation (5): 
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where j refers to the region of China, which includes east, central, and west; i refers to 
the province of China, which includes 31 provinces in mainland China; t refers to the 
year, 1992 to 2016, nj refers to the number of provinces covered by region j; hpatenti,j,t 
indicates the percentage of high-value inventions in region j in year t; hpatenti,t repre-
sents the average number of high-value inventions in region j in year t. The coefficient of 
variation, as determined by the ratio of the standard deviation to the mean of the share 
of high-value inventions in region j in year t, is the ratio of the standard deviation to the 
mean of the proportion of high-value inventions in region j in year t, which measures 
the dispersion of the level of quality development of innovation in each province i region 
j in year t. If s becomes gradually smaller with year, the dispersion degree of the level 
of HQID in each province i region j becomes gradually smaller, resulting in a trend of 
convergence to the mean. 

(2)	 b convergence. b convergence refers to the fact that regions with a lower level of initial 
high-quality innovation have a faster growth rate compared with regions with a higher 
initial level of high-quality innovations. When the regional level of high-quality inno-
vation shows b convergence, the level of high-quality innovation of relatively lagging 
regions continues to approach the level of high-quality innovation of relatively leading 
regions and maintain the same growth rate. According to Barro and Sala-i-Martin (1992) 
as well as Mankiw et al. (1992), b convergence has two types, namely, absolute b conver-
gence, and conditional b convergence. Absolute b convergence occurs when the devel-
opment level of high-quality innovation within each region gradually converges to the 
same level over time without considering confounding factors such as economic develop-
ment, scientific and technological talent, and R&D investment. This situation is evident 
from the significant negative correlation between the growth rate and the initial level of 
high-quality innovation. Meanwhile, this study posits that the level of high-quality in-
novation development in provinces may exhibit varying degrees of spatial dependence. 
Consequently, a spatial panel Durbin model was introduced for b convergence analysis, 
as depicted in Equation (6):
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 represents the growth rate of innovation quality de-

velopment for the i province at period t + 1, where hpatenti,t and hpatenti,t+1 indicate the 
innovation quality development indices at periods t and t + 1, respectively. b serves as the 
convergence coefficient, with b < 0 implying a convergence trend in provincial innovation 
quality development, and the opposite signifying divergence. r denotes the spatial autore-
gressive coefficient, reflecting the influence of the growth rate of innovation and high-quality 
development levels in neighboring provinces on the region, while g represents the impact of 
innovation and high-quality development in neighboring provinces. The province fixed effect 
mi on the right-hand side controls for a variety of unobservable factors at the province level 
that remains the same over time, such as culture, and geographical location. The year fixed 
effect gt is a measure of the impact of a variety of macroeconomic factors at the year level, 
such as institutional changes and economic conditions. ei,t signifies the disturbance terms, 
following an independent identical distribution. The spatial weight matrix is defined as Wij, 
and this study adopts the inverse of the square of the geographical distance as the spatial 
weight, implying that greater geographical distance results in a weaker linkage of digital 
financial development, and vice versa, as illustrated below.

Drawing from the existing literature, a conditional beta convergence model is construct-
ed, as displayed in Equation (7), using panel data that take into account variables potentially 
affecting regional innovation quality development.
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In comparison to the absolute b convergence model, the conditional b convergence 
model includes the per capita GDP of province i in year t (pgdpi,t), the number of colleges 
(coli,t), and the investment in R&D by industrial enterprises above a certain scale (rdi,t). The 
remaining settings are consistent with the previous model. Therefore, the significance of the 
absolute b convergence model and conditional b convergence model can be inferred from 
the significant negative coefficient of the core explanatory variables, suggesting that regional 
HQID exhibits absolute convergence. A significant positive coefficient implies a dispersion 
trend in the level of regional HQID.

1.5. PVAR model

The PVAR model is used to examine the interaction between HQID and industrial struc-
ture upgrading and economic growth. This paper analyzes the effect of HQID on economic 
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growth and industrial structure upgrade. As an extension of the VAR model, the PVAR 
model is expressed mathematically as follows:
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In Equation (8), yi,t is a vector containing endogenous variables, namely, the level of 
innovation quality development. ai serves as a variable that reflects the heterogeneity of in-
dividuals. To reflect possible common shocks at different cross-sections at the same point in 
time, ui,t is used to reflect individual time effects to capture the common shocks that may be 
experienced at different cross-sections at the same point in time. mi,t is a random disturbance 
term that is assumed to follow the normal distribution. As a measure of industrial structure 
upgrade, the ratio of tertiary industry output to secondary industry output is compiled from 
the CEIC database. For economic growth, the GDP growth rate is used to measure the size of 
economic growth, which is compiled from the CEIC database, whereas total factor productiv-
ity is calculated using stochastic frontier analysis to measure the quality of economic growth, 
which is calculated from the EPS database, referencing the study of Battese and Coelli (1992).

2. Analysis of regional differences in high-quality innovation in China

2.1. Measurement results

Table 2 shows the majority of provinces have a level of high-quality innovations greater than 
0.5 throughout the period in relation to the magnitude of the mean value of innovation of 
high quality. Accordingly, the largest mean value is in the east (Beijing = 0.715), and the 
smallest one is in the west (Qinghai = 0.414), indicating a greater level of development in 
the innovation of high quality. Furthermore, 1992–2016 is divided into four time periods 
according to the main periods of development and improvement of Chinese patent protec-
tion. Throughout the period between the enactment of the patent law in 1984 to 2016, China 
amended the law three times, namely, in 1992, 2000, and 2008, to improve the protection 
of intellectual property rights and foster technological innovation continuously. Specifically, 
in the first period (1992–2000), Gansu has the largest mean value of 0.738, and Qinghai has 
the smallest with 0.266. In the second period (2001–2008), Shanghai has the largest mean 
value, whereas Inner Mongolia has the smallest mean value at 0.423. In the third period 
(2009–2016), Guangdong has the largest mean value with 0.759, whereas Tibet has the small-
est mean value with 0.493. In terms of the trend of the mean values, comparing the first and 
second periods, 16 provinces, nearly half, exhibit an increase in the mean value of innova-
tion quality development water. Comparing the second and third periods, the mean value of 
innovation quality development water increased in nearly two-thirds of the provinces. The 
average value of innovation quality development level always increases across eight provinces 
collectively.

Based on the magnitude of the coefficient of variation at the time level, Tibet has the 
largest coefficient of variation with 0.457, whereas Liaoning has the smallest coefficient of 
0.065. In the first period, Qinghai has the largest coefficient of variation of 0.768, and Beijing 
has the smallest coefficient of variation of 0.048. In the second period, the largest coefficient 
of variation is 0.399 in Tibet, and the smallest is 0.054 in Shanghai. In the third period, the 
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Table 2. Results of measuring the level of high-quality innovation by province

Province
Average value Time-level coefficient of variation

1992–2000 2001–2008 2009–2016 1992–2016 1992–2000 2001–2008 2009–2016 1992–2016

Shanghai 0.650 0.753 0.722 0.706 0.125 0.054 0.019 0.098
Beijing 0.659 0.749 0.745 0.715 0.048 0.082 0.023 0.081
Tianjin 0.617 0.604 0.620 0.614 0.097 0.084 0.055 0.079
Shandong 0.579 0.567 0.555 0.567 0.076 0.072 0.043 0.066
Guangdong 0.619 0.723 0.759 0.697 0.083 0.094 0.017 0.112
Jiangsu 0.586 0.663 0.628 0.624 0.088 0.080 0.026 0.085
Hebei 0.521 0.527 0.589 0.544 0.185 0.091 0.061 0.131
Zhejiang 0.556 0.590 0.575 0.573 0.078 0.072 0.035 0.067
Hainan 0.576 0.531 0.689 0.600 0.611 0.317 0.112 0.371
Fujian 0.571 0.638 0.637 0.613 0.164 0.104 0.025 0.119
Liaoning 0.630 0.616 0.624 0.624 0.080 0.077 0.027 0.065
Jilin 0.641 0.627 0.639 0.636 0.138 0.117 0.055 0.106
Anhui 0.588 0.578 0.573 0.580 0.184 0.090 0.027 0.120
Shanxi 0.536 0.599 0.574 0.568 0.128 0.108 0.046 0.107
Jiangxi 0.490 0.456 0.554 0.500 0.207 0.134 0.139 0.178
Henan 0.509 0.458 0.556 0.508 0.130 0.093 0.081 0.127
Hubei 0.614 0.671 0.687 0.656 0.110 0.083 0.035 0.092
Hunan 0.525 0.592 0.641 0.584 0.185 0.120 0.032 0.145
Heilongjiang 0.522 0.533 0.636 0.562 0.159 0.133 0.031 0.144
Yunnan 0.578 0.607 0.589 0.591 0.174 0.134 0.043 0.127
Inner 
Mongolia 0.521 0.423 0.505 0.484 0.320 0.137 0.140 0.241

Sichuan 0.637 0.633 0.659 0.643 0.116 0.098 0.030 0.088
Ningxia 0.579 0.559 0.585 0.574 0.145 0.208 0.157 0.166
Guangxi 0.520 0.527 0.553 0.533 0.280 0.089 0.090 0.175
Xinjiang 0.566 0.545 0.609 0.573 0.216 0.154 0.072 0.159
Gansu 0.738 0.654 0.610 0.670 0.225 0.086 0.043 0.172
Tibet 0.563 0.676 0.493 0.575 0.759 0.399 0.281 0.457
Guizhou 0.658 0.549 0.562 0.593 0.210 0.252 0.119 0.212
Chongqing 0.623 0.613 0.613 0.617 0.186 0.137 0.031 0.132
Shaanxi 0.610 0.616 0.657 0.627 0.200 0.126 0.027 0.136
Qinghai 0.266 0.496 0.497 0.414 0.768 0.121 0.216 0.426

largest coefficient of variation is 0.281, and the smallest is 0.017 in Guangdong. Comparing 
the first and second periods, only four provinces, namely, Ningxia, Guizhou, Beijing, and 
Guangdong, display increase in the coefficient of variation, whereas other provinces show 
a decrease. Based on the whole period, no province always has an increasing coefficient 
of variation of innovation quality development level at the time level. As the coefficient of 
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variation here reflects primarily the fluctuation in the innovation high-quality level of a 
particular province over time, the above results suggest that the degree of fluctuation in the 
level of high-quality innovation is slowing down over time for most provinces. As previously 
reported, since the establishment of the reform goals of the socialist market economy system, 
the level of innovation quality development in most Chinese provinces has increased and 
volatility has decreased.

Moreover, analysis is conducted from the perspective of three major regions, namely, 
eastern, central, and western regions (Ghazinoory et al., 2014). Figure 1 shows that the mean 
value for the eastern region has been the largest in the long term, whereas the mean value 
for the western region has been the smallest since 2004. The trend of change exhibits two 
rounds of rising and then falling mean values in the three regions, with 2006 as the dividing 
point, and the changes are closer in the second round. The mean value of the opening and 
closing values for the eastern region in 1992 is 0.579, the mean value for the central region 
is 0.602, and the mean value for the western region is 0.609. As of 2016, the eastern region 
has a mean value of 0.657, the central region has a mean value of 0.628, and the western 
region has a mean value of 0.624. The result suggests that the three major regions’ end-of-
period values are greater than their beginning values despite two rounds of decreases. The 
above results show that HQID has a greater degree of variability, and the differences between 
regions are more pronounced.

2.2. Theil index decomposition

The Theil index is an aggregated indicator, so this paper concentrates on the national level 
and three major regional levels, where overall variance analysis, intra-regional variance anal-
ysis, and inter-regional variance analysis are included at the national level, whereas overall 
variance analysis is included at the three major regional levels. 

Figure 2(a) illustrates the decomposition results of the level of HQID at the national 
level. Intra-regional variance is always greater than inter-regional variance, but the difference 
between the two becomes smaller over time. As of the start of the period, the intra-regional 
variance was 0.0255, accounting for 99.05%, and the inter-regional variance was 0.0002, ac-
counting for about 0.95%. At the end of the period, the intra-regional variance was 0.0027, 
shrinking to 90.74%, and the inter-regional variance was 0.0003, increasing to 9.26%. Gener-
ally, intra-regional variation is the primary contributor to overall variation, and its trend is 
closer to the overall trend. The trend of change shows that at the first and second stages, the 
overall difference in innovation quality development level fluctuates clearly, showing multiple 
rounds of rising and then falling trends. However, at the third stage, the difference in innova-
tion quality development level becomes less volatile, particularly at the later stage, display-
ing a decreasing trend. The overall regional differences in innovation quality development 
have decreased when combined with the previous definition of the Theil index. Considering 
that intra-regional differences reflect regional differences between provinces within a region, 
whereas inter-regional differences reflect regional differences among major regions, the above 
results indicate a marked difference between provinces within a region and relatively small 
differences between the three major regions.
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Figure 1. Results of measuring the level of high-quality innovation by region

0.000

0.005

0.010

0.015

0.020

0.025

0.030

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

ALL Inter-regional Intra-regional

0.000

0.010

0.020

0.030

0.040

0.050

0.060

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Eastern Region Central Region Western Region

a) At the national level

b) At the sub-regional level

Figure 2. Results of measuring the level of high-quality innovation
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As a result of the differences between the sub-regional levels of HQID, as indicated by 
Figure 2(b), no region always shows the maximum or minimum differences. The maximum 
value occurs most frequently in the western region, and the minimum value occurs most 
frequently in the eastern region. According to the magnitude of the opening and closing 
values, the overall difference indices in 1992 for HQID in the eastern, central, and western 
regions are 0.0060, 0.0117, and 0.0523, respectively. In 2016, the overall difference indices of 
the three major regions are 0.0049, 0.0008, and 0.0020, respectively, and their overall differ-
ences decrease. Combining the trend of change and the change of overall difference at the 
national level, the three major regions do not demonstrate stable trends of change in innova-
tion and high-quality development, and the trend of change in the western region is similar 
to the national level, which is the major factor leading to the change of overall difference at 
the national level. In addition, taking Figures 2 and 1 as a whole, the higher the level of in-
novation quality development is, the smaller the internal differences, whereas the lower the 
level is, the larger the internal differences.

As a result of decomposing the Theil index, the analysis results indicate that regional 
differences in HQID have decreased primarily due to the reduction of intra-regional differ-
ences. Regional differences are dominated by intra-regional differences, i.e., the regional dif-
ferences stem primarily from differences between provinces within a region. Western regions 
dominate the regional differences in HQID at the subregional level. Traditionally, the western 
region has relied heavily on external funding, excessive investment, shortcomings in science 
and technology, talent and other factors, and insufficient innovation capacity for its develop-
ment. Further, compared with the first two stages, regional differences at the third stage are 
significantly reduced, i.e., the level of innovation quality development is more convergent in 
different regions, which indicates that regional differences in innovation quality development 
are gradually diminishing. The next step in our analysis is to determine regional convergence.

3. Results

3.1. σ-convergence test

Figure 3 illustrates the evolution of the convergence between the level of innovation and 
the development of high quality in each region of the country. From 1992 to 2016, the gap 
between the level of HQID in each region of the country has shown a sharp fluctuation but 
a steady decline trend. 

Table 3 shows the convergence coefficients at the national and sub-regional levels are cal-
culated based on the s convergence test. At the national level, a sharp fluctuation is observed 
from 1992 to 2000, which is followed by a steady downward trend. In the sample interval, the 
average annual decline rate of the s convergence coefficient is 1.47%, which indicates that 
differences in the level of innovation and high-quality development among regions in China 
have gradually narrowed over time. s convergence is noted in the coefficients of variation 
of innovation high-quality development levels across all three regions at the regional level 
despite increasing fluctuations in some years. A large gap is in the level of high-quality in-
novation among provinces in the eastern region, whereas a small gap is in the level of high-
quality innovation among provinces in the central region.
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Table 3. s convergence coefficients for high-quality innovation by region, 1992–2016

Year Nationwide Eastern Region Central Region Western Region

1992 0.229 0.109 0.155 0.323 
1993 0.112 0.070 0.085 0.155 
1994 0.157 0.088 0.090 0.222 
1995 0.300 0.226 0.120 0.441 
1996 0.304 0.329 0.149 0.337 
1997 0.202 0.166 0.169 0.202 
1998 0.338 0.200 0.103 0.502 
1999 0.196 0.165 0.201 0.196 
2000 0.224 0.156 0.229 0.235 
2001 0.209 0.248 0.138 0.179 
2002 0.212 0.136 0.168 0.258 
2003 0.154 0.142 0.118 0.160 
2004 0.186 0.129 0.175 0.220 
2005 0.145 0.115 0.116 0.162 
2006 0.146 0.120 0.129 0.155 
2007 0.176 0.109 0.142 0.220 
2008 0.153 0.122 0.135 0.157 
2009 0.175 0.136 0.151 0.188 
2010 0.139 0.109 0.115 0.131 
2011 0.166 0.105 0.079 0.224 
2012 0.118 0.095 0.081 0.127 
2013 0.109 0.102 0.076 0.105 
2014 0.102 0.113 0.081 0.087 
2015 0.092 0.105 0.056 0.080 
2016 0.078 0.099 0.040 0.063 

Figure 3. Trends of s convergence for the high-quality innovation by region
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3.2. β-convergence test

Based on the above model, Equation (6), this paper evaluates the absolute convergence mech-
anism for the level of innovation quality development by using spatial panel Durbin model. 
Table 1 presents the results of the b absolute convergence test. The b values of the overall 
national, eastern, central, and western regions are significantly negative at the 1% level, which 
indicates b absolute convergence at the level of innovative, high-quality development of the 
nation and regions.

Table 4. Results of absolute b convergence test for the level of high-quality innovation by region in 
China

Region National East Middle West

Models SDM SDM SDM SDM

b
–0.974*** –0.917*** –0.708*** –1.043***

(0.049) (0.088) (0.104) (0.078)

r
–0.713*** –0.787*** –0.276** –0.947***

(0.179) (0.172) (0.139) (0.198)

g
–0.716*** –0.508 0.359 –0.802**

(0.328) (0.479) (0.274) (0.437)
Province

Yes Yes Yes Yes
Fixed effects
Year

Yes Yes Yes Yes
Fixed effects
R2 0.321 0.326 0.198 0.390
Log-L 933.136 378.571 277.305 329.083
Hausman 148.403*** 538.741*** 98.916*** 115.710***

Observations 750 275 200 275

Note: (1) Standard errors in parentheses, clustered to the province level; (2) ***, **, and* indicate sig-
nificance at the 1%, 5%, and 10% levels, respectively.

This paper also tests whether b conditional convergence exists at the level of innova-
tive high-quality development in each region based on model Equation (7), considering the 
degree to which each region has developed economically, scientifically, and technologically, 
and R&D input. Table 5 shows the regression results. b convergence coefficients for the 
whole country and each region are all negative at least at a 1% significance level based on 
SDM estimation. As a result, b conditional convergence is observed in HQID for the nation 
and the regions after accounting for time-level changes at the province level, province fixed 
effects, and year fixed effects.
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Table 5. Results of conditional b convergence test for the level of high-quality innovation by region in 
China

Region National East Middle West

Models SDM SDM SDM SDM

b
–0.971*** –0.974*** –1.043*** –1.071***

(0.049) (0.949) (0.123) (0.080)

r
–0.791*** –0.777 –0.331*** –1.005***

(0.182) (0.174) (0.139) (0.200)

g
–0.712*** –0.510 0.059 –0.911**

(0.328) (0.524) (0.315) (0.469)
Control variables Yes Yes Yes Yes
Province

Yes Yes Yes Yes
Fixed effects
Year

Yes Yes Yes Yes
Fixed effects
R2 0.321 0.401 0.271 0.441
Log-L 933.136 394.576 288.306 333.993
Hausman 329.121*** 707.834*** 737.146*** 112.552***

Observations 750 275 200 275

Note: (1) Standard errors in parentheses, clustered to the province level; (2) ***, **, and* indicate sig-
nificance at the 1%, 5%, and 10% levels, respectively.

3.3. Club convergence test

The Moran scatter plot is used to classify 31 Chinese provinces according to the level of 
HQID in each province in 2016. The 31 Chinese provinces are divided into four groups, as 
shown in Table 6. In the provinces classified into the same group, the level of high-quality in-
novations has similar properties geographically, indicating the possibility of club convergence 
within the group. Club convergence tests are conducted through regressions based on the 
clustered division of the level of high-quality innovation of each Chinese province in 2016.

The regression model is consistent with the above b absolute convergence, and this paper 
uses the ordinary least squares and two-way fixed effect models to test the convergence of the 
national and regional levels of innovation quality development, respectively. Table 7 reports 
the results of the club convergence test. Regardless of the inclusion of province and year fixed 
effects, the b values of the four regions, namely, H-H, L-H, L-L, and H-L, are significantly 
negative at the 1% level, which indicates club convergence in the level of regional HQID.

Table 6. Cluster group of high-quality innovation by province in 2016

Clustering 
grouping H-H L-H L-L H-L

High-quality 
innovation 
development 
level

Beijing, 
Guangdong, Hubei, 
Tianjin, Chongqing, 
Liaoning, Jilin, 
Shaanxi

Guizhou, Inner 
Mongolia, 
Hebei, Yunnan, 
Xinjiang, Shanxi, 
Heilongjiang

Ningxia, Henan, 
Jiangxi, Guangxi, 
Qinghai, Tibet, 
Anhui, Gansu

Shanghai, Sichuan, 
Jiangsu, Fujian, 
Hainan, Zhejiang, 
Hunan, Shandong
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Table 7. Results of club convergence test for the level of high-quality innovation by region in China

Region H-H L-H L-L H-L

Models OLS FE OLS FE OLS FE OLS FE

b
–0.575*** –1.057*** –0.926*** –1.156*** –0.845** –1.137*** –0.906*** –1.242***

(0.136) (0.142) (0.147) (0.143) (0.266) (0.248) (0.190) (0.059)
Province
Fixed effects No Yes No Yes No Yes No Yes

Year
Fixed effects No Yes No Yes No Yes No Yes

R2 0.171 0.171 0.600 0.299 0.577 0.304 0.477 0.171
Observations 184 184 184 161 161 176 176 184

Note: (1) Standard errors in parentheses, clustered to the province level; (2)***,**, and* indicate signif-
icance at the 1%, 5%, and 10% levels, respectively.

Accordingly, the national and regional levels of high-quality innovations exhibit con-
vergence in the s convergence test and the b convergence test for the following reasons: 
(1) The continuous improvement of China’s intellectual property protection system in the 
context of innovation-driven development has led to a gradual increase in the levels of sci-
entific and technological innovation in many regions, which have benefited from intellectual 
property protection institutional arrangements. In addition to improving regional innovation 
and high-quality development, this will lead to a narrowing of regional gaps through “new 
track overtaking.” To promote coordinated regional development, China places great value 
on a series of strategic deployments that encourage each region to utilize their comparative 
advantages according to local conditions and strengthen cooperation and innovation among 
regions, thereby further narrowing the gap between regional HQID.

4. HQID and industrial structure upgrade and economic growth

The relationship between the level of HQID and the upgrade of industrial structure and eco-
nomic growth is analyzed by employing the dynamic impact analysis method of the PVAR 
model. PVAR model analysis must be preceded by a series of corresponding tests. Testing 
the stability of the data is necessary to determine whether a unit root exists. Levin-Lin-Chu 
(LLC) test and Fisher Augmented Dickey-Fuller (ADF) test are used to test the unit root of 
the panel data in this paper.

Using the unit root test of both panel data and rejecting the original hypothesis, Table 8 
indicates that the level of HQID, index of industrial structure upgrade, economic growth rate, 
and total factor productivity are all stationary and pass the unit root test. 

A test for optimal lag order is conducted, where the optimal lag order occurs when the 
corresponding test value is the smallest. Table 9 shows that the optimal lag order for the 
PVAR model corresponding to the level of innovation high-quality development and the 
level of industrial structure upgrade is order 2; Order 1 is the optimal lag order for the PVAR 
model in terms of the level of innovation high-quality development and economic growth 
rate; Using order 3 of lag to correspond to innovative high-quality development level and 
total factor productivity is optimal for the PVAR model.
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Table 8. Results of unit root test of variables

inno indstr gdp tfp

LLC 0.000 0.000 0.000 0.000
Fisher ADF 0.000 0.000 0.023 0.000

Note: The original hypothesis for all unit root tests: “A unit root exists in the original data.” Reported 
are the P values corresponding to the unit root test of the mean.

Table 9. Optimal lag order test results

inno & indstr MBIC MAIC MQIC

1 –29.447 22.785 2.412
2 –32.004*** 2.817 –10.765***

3 –15.615 1.795*** –4.996
inno & gdp MBIC MAIC MQIC

1 –45.837*** –0.654*** –18.699***

2 –28.696 1.426 –10.604
3 –6.988 8.073 2.059

inno & tfp MBIC MAIC MQIC
1 101.443 147.669 129.265
2 –17.731*** 13.087 0.818
3 –9.473 5.935*** –0.199***

Note: *** indicates the optimal lag order.

Table 10 shows the optimal lag order determines the degrees of freedom involved in the 
Granger causality test. At the 10% level, HQID is the Granger causal cause of the industrial 
structure upgrade index, whereas the industrial structure upgrade index is not a Granger 
causal cause of HQID. Both HQIDs have a mutual Granger causal relationship with eco-
nomic growth. A reciprocal Granger causality exists between the level of HQID and the rate 
of economic growth.

Table 10. Granger causality test

Result Variables Original hypothesis Degree of freedom P-value

inno & indstr
inno indstr is not inno’s Granger reason 2 0.205
indstr inno is not indstr’s Granger reason 2 0.004

inno & gdp
inno GDP is not inno’s Granger reason 1 0.003
GDP inno is not GDP’s Granger reason 1 0.002

inno & tfp
inno tfp is not inno’s Granger reason 3 0.000
tfp inno is not tfp’s Granger reason 3 0.000
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This paper examines the interaction between HQID and industrial structure upgrade. 
Figure 4 shows that the level of high-quality innovation shocks and industrial structure up-
grade shocks cause themselves to fluctuate primarily upward, and both effects are significant. 
Over the period under examination, HQID and economic growth fluctuate upward and 
converge to an equilibrium value. The level of HQID fluctuates widely among them. Eco-
nomic growth and the level of innovation and high-quality development have strong inertia. 
In addition, the interaction between the level of HQID and the upgrade of the industrial 
structure is analyzed. Figure 4 shows that the industrial structure upgrade index fluctuates 
upward due to the level of HQID, and this effect is significant, resulting in convergence to 
an equilibrium value during the period under investigation. Similarly, the index of industrial 
structure upgrade leads to an upward fluctuation in the level of HQID, with the effect be-
ing significant, converging to the equilibrium value during the period under examination. 
These results indicate that raising the level of innovation quality development can promote 
the updating of industrial structure in a sustainable manner.

In this paper, the interaction between innovation quality development and economic 
growth is examined. Figure 5 shows the level of high-quality innovation shocks and eco-
nomic growth shocks lead to predominantly upward fluctuations, and both effects are sig-
nificant. The level of high-quality innovation enters the downward fluctuation in period 4, 
while the economic growth enters the upward fluctuation, and both reach equilibrium during 
the examination period. Fluctuation is greater in terms of innovation quality development. 
HQID and economic growth have a strong inertia, as indicated by this result. The interac-
tion between the level of innovation quality development and the level of economic growth 
is further examined. Figure 5 shows the level of HQID results in economic growth fluctuat-
ing upward. This effect is significant, and convergent to the equilibrium value throughout 
the paper. By contrast, economic growth shocks cause the level of HQID to always fluctuate 
downward. A significant effect is seen during the examination period, and it converges to 
the equilibrium value. Thus, increasing the level of innovation quality development promotes 
economic growth, and the promotion effect is long term.

This paper examines the relationship between the level of HQID and total factor produc-
tivity. Figure 6 shows that when it comes to the effect of the shock on itself, the HQID shock 
always causes itself to fluctuate upward. It is significant and converges to the equilibrium 
value during the period under consideration. However, the total factor productivity shock 
fluctuates upward and downward alternately. A significant effect, which does not converge 
to the equilibrium value during the period under study, is observed. Consequently, this re-
sult indicates strong inertia in the level of HQID. How HQID interacts with total factor 
productivity is further examined. Figure 6 shows that the effect of the level of high-quality 
innovation shock results in continuous upward fluctuations in total factor productivity. A 
significant effect is observed, and it does not converge to the equilibrium value in the period 
under analysis. The level of HQID is also affected by shocks to total factor productivity. The 
effect is significant and does not converge to the equilibrium value during the examination 
period. The level of high-quality innovation shock has a greater influence on total factor pro-
ductivity in terms of magnitude. Based on the above results, the development of innovations 
contributes to the overall increase in productivity, and this effect is sustainable.
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Figure 4. High-quality innovation and industrial structure upgrade

Figure 5. High-quality innovation and economic growth rate

Figure 6. High-quality innovation and total factor productivity
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The PVAR model results show that the level of HQID is positively correlated with the 
industrial structure upgrade index, economic growth rate, and total factor productivity, 
which indicates that high-quality innovation contributes significantly to economic growth. 
High-quality innovation is considered a driving force for economic development, resulting 
in improved input factors, the accumulation of factors, the upgrade of industrial structure, 
the cultivation of dynamic energy for economic growth, and the promotion of high-quality 
economic growth.

Conclusions and recommendations

Innovation is the key to achieving high-quality economic development. This paper uses Chi-
nese patent data to screen out samples of high-value invention patents based on the criteria 
for determining high-value invention patents proposed in the 14th Five-Year Plan and ob-
tains the index of the proportion of High-Quality Invention patents in each province after 
processing, thereby analyzing the development of high-quality innovation and revealing the 
law that governs Chinese innovation quality development. The main conclusions are as fol-
lows.

First, in terms of HQID, the overall level is on an upward trend, but differences among 
provinces are evident, indicating that China’s HQID is unbalanced regionally, but it is gener-
ally experiencing rapid development. Although the eastern region has been at a high level 
for a long time overall for the development of innovative high quality, the development of 
innovative high quality in the three major regions is divided by the revision of patent law at 
various stages. HQID in the eastern region is faster at the second stage compared with the 
first stage, and HQID in the central and western regions is faster at the third stage compared 
with the second stage, indicating that the overall development of innovative high-quality in 
the eastern region is better, and the development of innovative high quality in the central 
and western regions has been rapid in recent years.

Second, regional differences in innovation quality development, primarily within a re-
gion, have been narrowing. The western region dominates the regional differences in innova-
tion quality development at the subregional level. In addition to the time stage, the regional 
differences at the third stage are significantly reduced compared with the first two stages, 
indicating a convergence in HQID in different regions in recent years and a narrowing of 
differences in HQID among regions. In terms of regional convergence of HQID, the typical 
characteristics of s convergence, absolute b convergence, and conditional b convergence are 
shown nationally and within each region. Furthermore, the phenomenon observed using 
the kernel density estimation method is consistent with the analysis presented above. Con-
sequently, regional innovation quality in China exhibits a mean-reverting trend.

Third, from the relationship between innovation and high-quality development, indus-
trial structure upgrade and economic growth, whether it is industrial structure upgrade eco-
nomic growth, innovation, and high-quality development plays a positive role in promoting 
it, which indicates a strong interactive correlation between innovation and high-quality de-
velopment, industrial structure upgrade and economic growth, and innovation and high-
quality development can contribute to the shift of the powerful engine to a growth engine 
powered by proprietary innovation.
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The following policy recommendations are derived from the above findings.
First, innovation is stimulated with intellectual property protection policies and systems. 

An intellectual property protection system provides the right holder with the opportunity 
to obtain monopoly income within a particular period, which ensures that technological in-
novation activities can be carried out in an orderly manner within enterprises. A reasonable, 
appropriate intellectual property protection can guide the optimal allocation of innovation 
resources in light of the increasing importance of intellectual property rights. Therefore, 
governments at all levels should actively implement the intellectual property index of “the 
number of high-value invention patents per 10,000 people” as proposed in the 14th Five-Year 
Plan, develop science and technology policies, and establish intellectual property protection 
levels to facilitate optimal resource allocation. For example, policies should support the high-
quality development of the intellectual property, direct innovation resources toward strategic 
new industries and critical development areas for national protection of intellectual property, 
and ensure that patent quality is improved through the implementation of policy guidelines.

Second, regional innovation should be promoted through high-quality coordinated de-
velopment. Currently, regions with higher degrees of economic development have a higher 
level of high-quality innovation and development, whereas regions with a lower degree of 
development have a lower level of high-quality innovation and development. To reduce the 
new regional differences brought about by innovation and high-quality development, finan-
cial capital should to promote innovation, encourage venture capital funds to be established 
in the western region, and increase the number of listed companies on the science and tech-
nology innovation board and venture board. Highlighting the guiding role of venture capital 
and breaking down capital factor barriers is essential. Moreover, policy maker can employ the 
concept of coordinated regional economic development, establish a multilevel inland opening 
platform, establish docking mechanisms for innovation platforms on the east and west sides, 
strengthen inter-regional cooperation, and promote two-way opening and progress between 
the east and west. Innovation development will be integrated into all specific work to narrow 
the gap between regional HQID and to establish a situation in which regional innovation and 
high-quality development are coordinated.
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APPENDIX

In the context of the Chinese system, patents are closely related to innovation for several 
reasons.

1. The relationship between patents and innovation activities in China

Although patents may not be a perfect proxy for innovation, they do provide a reasonable 
indication of innovative activities in China due to the nation’s unique policies and economic 
environment. Some of the key factors that establish this close relationship between patents 
and innovation in China include the recognition of high-tech enterprises and the IPO re-
quirements for the Science and Technology Innovation Board.

(1) Recognition of high-tech enterprises

The Chinese government has implemented policies to encourage and support the growth 
of high-tech enterprises, as they play a crucial role in the country’s economic development 
and global competitiveness. To be recognized as a high-tech enterprise, a company must 
meet specific criteria, including a significant number of patents. This requirement reflects 
the importance of patents in demonstrating a firm’s commitment to research, development, 
and innovation.

(2) IPO requirements for the Science and Technology Innovation Board

China’s Science and Technology Innovation Board (also known as the STAR Market) was 
established to support technology-driven and innovative companies in raising capital. To be 
eligible for listing on the board, companies must demonstrate their innovative capabilities 
through a robust intellectual property portfolio, which includes patents. This requirement 
highlights the significance of patents in China’s efforts to foster innovation and promote the 
growth of technology-intensive industries.

In conclusion, while patents may not be a perfect measure of innovation, they hold sig-
nificant value in the Chinese context due to the government’s innovation-driven development 
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strategy and the requirements for recognition as a high-tech enterprise and listing on the 
Science and Technology Innovation Board. These factors contribute to the close relationship 
between patents and innovation in China., Therefore, it is appropriate to use patent data as 
a proxy for innovation activity in China.

2. The relationship between patents and other innovation indicators in China

In order to establish the relationship between patents and other indicators of innovation 
and to prove the feasibility of using patents to measure innovative activity, we conducted an 
analysis examining the correlation between corporate patents and other innovation measures, 
such as new products and research and experimental development activities. This analysis is 
based on data disclosed by the Department of Planning and Development of the State Intel-
lectual Property Office of China.

Figure A1 below presents the results of our analysis, where: apatent represents the aver-
age number of patent applications by industrial enterprises above a designated size in each 

Figure A1. The relationship between patents and other innovation indicators in China



Technological and Economic Development of Economy, 2023, 29(6): 1657–1686 1685

province; invapatent represents the average number of invention patent applications by such 
enterprises; vinvapatent represents the average number of valid invention patents held by 
these enterprises; newproduct represents the average number of new product items intro-
duced by these enterprises; funding_newproduct represents the average value of funding 
allocated for new product development in these enterprises; funding_rd represents the aver-
age value of R&D funding in these enterprises; project_rd represents the average number of 
R&D projects undertaken by these enterprises; and staff_rd represents the average value of 
full-time equivalent R&D staff employed by these enterprises.

Our analysis reveals that the correlation between enterprise patents and enterprise new 
products is greater than 0.85, while the correlation between enterprise patents and enterprise 
research and experimental development activities exceeds 0.8. These strong correlations sug-
gest that patents are indeed closely related to other measures of innovation, reinforcing the 
validity of using patents as a proxy for innovative activity in our study. By incorporating 
these findings into our revised manuscript, we hope to address concerns raised by reviewers 
and provide further evidence supporting our choice of patents as an appropriate measure of 
innovation.

3. The relationship between high-value invention patents and high-quality 
innovation development in China

These high-value invention patents, which are in line with the regulations of the State Intel-
lectual Property Office of China (SIPO), serve as a crucial indicator of China’s innovation 
quality and are endorsed by the government. At a press conference on China’s intellectual 
property work in 2022 held by the State Council, the Director General of the Department 
of Strategic Planning of the State Intellectual Property Office (SIPO) introduced the situa-
tion of high-value invention patents in China, agreed that high-value invention patents are 
an important indicator of the quality of innovation, and pointed out that in the future, the 
SIPO will put quality in a more prominent position, cultivate more high-value core patents, 
and boost high-quality economic and social development with high-quality development of 
intellectual property2. This statement underlines the importance of these patents as a measure 
of innovation quality in the country and supports our choice of using them in our analysis.

Furthermore, the inclusion of high-value invention patents in critical Chinese govern-
ment documents, such as the 14th Five-Year Plan and the 2035 Vision outline, strength-
ens the relevance of these patents in the context of China’s innovation landscape. These 
government documents set the strategic direction for China’s economic and technological 
development, with the emphasis on high-value invention patents highlighting their role as a 
key component of the nation’s innovation-driven growth strategy. Taking these points into 
consideration, our use of high-value invention patents in the article is well-justified, as they 
provide a meaningful and government-endorsed measure of innovation quality in China.

2 http://www.scio.gov.cn/xwfbh/xwbfbh/wqfbh/49421/49470/wz49472/Document/1735314/1735314.htm

http://www.scio.gov.cn/xwfbh/xwbfbh/wqfbh/49421/49470/wz49472/Document/1735314/1735314.htm
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4. Documentary evidence on the use of patents to measure innovation activity

Patent statistics, which contain rich and timely information on inventive activities, are in-
creasingly utilized to analyze and measure innovations. While R&D expenditures serve as a 
widespread proxy for innovation input, patent statistics can measure output. This measure 
is more easily obtainable than other proxies for outputs, such as total factor productivity 
(TFP). Although patent statistics are not conceptually perfect as innovations are not always 
patentable or patented, they remain a reliable indicator of innovations in China. Dang and 
Motohashi (2015) merged patent data with industrial survey data, discovering that both pat-
ent applications and patent grants have a strong correlation with R&D expenditures. Conse-
quently, patent statistics represent a valuable measure of innovation in China. Moreover, Wei 
et al. (2017) argue that innovation across all dimensions is positively correlated.

In summary, despite the acknowledged limitations of patents as a measure of innovation, 
substantial evidence in the economic literature supports their use in analyzing innovation 
activities. By incorporating this authoritative evidence into our revised manuscript, we aim 
to further justify our adoption of patents as a proxy for innovation.


