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  Abstract 
An index system for inter-provincial new quality productivity in China was con-
structed based on the connotation of new quality productivity. The new quality 
productivity index was measured using the entropy method. Kernel den-sity es-
timation, the Theil index, decomposition, and spatial autocorrelation models were 
used to describe the dynamic evolution and regional differences in new quality 
productivity development.At the same time, this article discusses the dynamic 
relationship between green technology transfer and new quality productivity, as 
well as their coupling relationship.The results show that, from 2012 to 2022, the 
development level of China's new quality productivity shows an overall upward 
trend, and the development of new quality productivity shows significant differ-
ences among regions; the new quality productivity of each province shows an ob-
vious trend of gradient improvement and also re-flects the characteristics of un-
balanced development. There is a significant spa-tial agglomeration effect of new 
quality productivity, which mainly manifests as low-low agglomeration and 
high-high agglomeration. Based on the analysis of the coupling coordination de-
gree in the study, it is pointed out that the effective transfer and integration of 
green technology can significantly promote the op-timization and upgrading of 
the economic structure, and enhance the level and efficiency of new quality 
productivity.We then put forward the policy opinions of planting high technology 
to promote new quality productivity, promote the coordinated development of 
new quality productivity in the four regions, and realize a spatial agglomeration 
effect on new quality productivity. This study may supplement and improve the 
evaluation system for new quality productiv-ity; evaluate new quality productivi-
ty by layers based on the dimensions of high technology, high efficiency, and high 
quality; improve the comprehensiveness and hierarchy of the index; understand 
the spatiotemporal evolution of China's new quality productivity; and provide 
new ideas for cultivating new quality productivity and promoting high-quality 
economic development. 
 

Keywords 
New Quality Productivity; Entropy Method; Kernel Density Estimation; Spatial 
Autocorrelation 

 

https://doi.org/10.63313/EBM.9043
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Mingrui Gou. Yuanchun Yu 
 

 

DOI: 10.63313/EBM.9043 90 Economics & Business Management 
 

1. Introduction 

Amid the global scientific and technological revolution and industrial transfor-
mation, China is moving toward modernization at an unprecedented speed. New 
quality productivity, as the core concept in this era, not only represents the evolu-
tion direction of advanced productivity but is also a strong driving force for building 
a modern industrial system. 
In recent years, China has made remarkable progress in emerging technologies, such 
as artificial intelligence, big data, and cloud computing. These technological break-
throughs not only promote changes in the production mode but also provide strong 
support for the development of new quality productivity. With the acceleration of 
scientific and technological progress and industrial upgrading, the allocation of tra-
ditional production factors, such as labor, capital, and land, is undergoing profound 
changes. On the one hand, a high-quality labor force has become an important force 
in promoting the development of new quality productivity; on the other hand, the 
efficiency of the use of traditional factors of production, such as capital and land, is 
also increasing. In addition, the rise of new production factors such as data, 
knowledge, and technology has injected vitality into the development of new quality 
productivity. Although new quality productivity has shown a vigorous development 
trend throughout the country, the development differences between regions remain 
large. Some developed regions have obvious advantages in terms of technological 
innovation and industrial upgrading, and the development level of new quality pro-
ductive forces is relatively high. However, some less-developed areas face problems 
such as backward technology and a shortage of talent, and the development level of 
new quality productivity is relatively low. This difference in regional development 
not only affects the quality and efficiency of economic growth but also aggravates 
unbalanced development between regions. 
In summary, new quality productivity is playing an increasingly important role in 
China's economy. With the continuous advancement of revolutionary technological 
breakthroughs, innovative allocation of production factors, in-depth industrial 
transformation and upgrading, and strengthening of policy support and guidance, 
new quality productivity will continue to maintain a strong development trend and 
promote high-quality development of the Chinese economy. 
Therefore, this study focuses on the following questions. How can we accurately 
measure the level of development of China's new quality productive forces? What 
are the dynamic evolutionary characteristics of the development levels of new qual-
ity productive forces in different regions? Is the development of new quality 
productivity in different regions balanced, is there a significant difference, and what 
are the sources of this difference? What are the spatial distribution characteristics of 
the development of new productive forces in different regions? The answer to the 
foregoing questions will not only help to fully grasp the development pattern of the 
new quality productive forces in our country and promote the coordinated devel-
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opment of the new quality productive forces in various regions of China, but also 
help to provide an empirical basis for the analysis of the economic consequences of 
the new quality productive forces. 

2. Literature review 

New quality productivity represents the evolution of advanced productive forces. It 
is the quality of the advanced productive forces generated by revolutionary techno-
logical breakthroughs, innovative allocation of production factors, and deep indus-
trial transformation and upgrading. It considers the improvement of workers, labor 
materials, labor objects, and their optimal combinations as its basic connotation and 
the substantial improvement of total factor productivity as its core symbol. The es-
sence is advanced productive forces with strong momentum for development, which 
can lead to the creation of a new era of social production. 
Scholars have conducted numerous theoretical discussions on the positive effects of 
new quality productivity on China's high-quality development. In their recent stud-
ies, Cheng and Chen [1] took the lead in emphasizing the far-reaching significance of 
developing new quality productivity to accelerate the process of Chinese-style mod-
ernization, which was later echoed by Gao [2]. He noted that the concept of "new 
quality productivity" not only provides a driving force for high-quality development 
in practice but also opens up a new path for accelerating the construction of a so-
cialist political economy with Chinese characteristics at a theoretical level [2]. Zhou 
and Xu [3] further regard the proposal of new quality productivity as an important 
development and innovation of the Marxist productivity theory, emphasizing it as a 
key theoretical proposition for the modernization of Marxist political economy in 
China. They clearly point out that accelerating the formation of new quality produc-
tivity is the core driving force for high-quality development, and the two comple-
ment each other [3]. Jointly promoting sustained social and economic progress. Li 
and Liao [4] predicted that the trend toward new quality productivity will inevitably 
promote the optimization and adjustment of production relations, which is regarded 
as an inevitable result of historical development and provides profound insights for 
understanding current and future changes in social and economic structures. 
The proposal and development of new quality productivity has become the focus of 
academic circles and has immeasurable value for Chinese modernization, 
high-quality development, and innovations in Marxist theory. Based on an in-depth 
discussion of the theory of new quality productivity, scholars have actively con-
structed a multidimensional and systematic index system of new quality productiv-
ity and effectively quantified its development through index dimensionality reduc-
tion technology, which provides solid support for theoretical research and practical 
applications. Wang and Wang [5], Han et al. [6], and Zhu et al. [7] all carefully ana-
lyzed and constructed a comprehensive evaluation index system of new quality 
productivity from the three dimensions of the core elements of productivity, namely, 
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workers, labor objects, and means of production, which not only reflects a deep un-
derstanding of the connotation of new quality productivity but also reflects a com-
prehensive evaluation index system of new quality productivity. It also demon-
strates the scientific nature and comprehensiveness of the multidimensional evalua-
tion system. 
Furthermore, Lu et al. [8], Cao and Cai [9], and Sun and Guo [10], together with other 
scholars, innovatively expanded the evaluation index system of new quality produc-
tivity from different value orientations and characteristics in The Times. Jiang et al. 
[8] emphasized the integrated role of science and technology, green productivity, 
and digital productivity in new quality productivity and built a comprehensive 
evaluation system including science and technology productivity, green productivity, 
and digital productivity, reflecting the diversified needs of productivity develop-
ment in the new era. Cao and Cai [9] focused on the realistic background of industri-
al transformation and upgrading, considering information productivity, green 
productivity, and innovation productivity as first-level indicators, and built a new 
quality productivity evaluation system with the distinct brand of The Times and 
Chinese characteristics. Sun and Guo [10] constructed an evaluation index system 
from the three dimensions of scientific and technological innovation, industrial up-
grading, and its development conditions and further refined the specific path and 
conditions for the development of new quality productivity. 
These studies have enriched the theoretical connotation of the new quality produc-
tivity and provided important references for evaluating the development level of the 
new quality productivity, monitoring its development dynamics, and guiding the 
formulation of relevant policies through the construction of a specific and operable 
index system. 
Generally, new quality productivity is an advanced productivity quality that plays a 
leading role in innovation; eliminates the traditional economic growth mode and 
development path of productivity; has the characteristics of high technology, high 
efficiency, and high quality; and conforms to the new development concept. 
"High-tech" requires attention to originality, subversive scientific and technological 
innovation, and integration into the whole process of production; it is the core of the 
formation and development of new quality productivity. "High efficiency" requires 
the allocation of production factors, the transformation of scientific research results, 
and production efficiency to reach a high level. "High quality" reflects getting rid of 
the traditional growth path, in line with the new development concept, more inte-
gration and new connotation, and achieving the double transcendence of "quality" 
and "quantity.” 
In summary, many scholars' research on the development of new quality productiv-
ity is in full swing, providing certain support for quantitative research on new qual-
ity productivity. However, there is still room for in-depth research on the construc-
tion of evaluation indicators in high-tech, high-efficiency, and high-quality fields. 
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Accordingly, on the basis of existing research, this paper treats the provinces of 
China from 2012 to 2022 as research samples, takes "high-tech,” "high efficiency" 
and "high quality" as first-level indicators, and uses the entropy method to synthe-
size a total index of new quality productivity by obtaining each dimension in such an 
index. In addition, kernel density estimation, Theil index, and decomposition were 
used to analyze the distribution of dynamic evolution characteristics, regional dif-
ferences, and sources of the development of new quality productivity. Meanwhile, 
the spatial weight matrix is introduced to further characterize the spatial agglomer-
ation characteristics of the development of new quality productivity through Mo-
ran's I calculation. 
The main contributions of this study are as follows: it complements and improves 
the research field with the three characteristics of new quality productivity as the 
evaluation criteria, and describes and evaluates the development level of new qual-
ity productivity in layers based on different dimensions of high technology, high ef-
ficiency, and high quality, thus enhancing the comprehensiveness and hierarchy of 
the new quality productivity index. This study contributes to a deeper understand-
ing of the spatiotemporal evolution mode of China's new quality productivity and 
provides innovative ideas and strategies for cultivating new quality productivity and 
promoting higher-quality economic development. 

3. Materials and Methods 
3.1 Measurement idea, index system, and data source 
3.1.1. Measurement ideas 

Clarifying the connotation of new quality productive forces is the basis of quantify-
ing the development level of new quality productive forces. Based on the research of 
Wang and Wang [5], Han et al. [6] and Lu et al.[8], this study adopts a more accepta-
ble definition of new quality productivity, and holds that "new quality productivity 
takes the improvement of workers, labor materials, labor objects and their optimal 
combinations as its basic connotation." In the formulation of the neoqualitative 
productivity category, productivity is still productivity but with a greater emphasis 
on "new quality," that is, relative to current and previous productivity. 
The economic function of new quality productivity has been the focus of academic 
and practical research. Based on Wang and Wang [5] and Ren Yuxin and Wu Yan 
(2024), this study argues that new quality productivity, supported by traditional 
production factors, can play an important role in three aspects: high technology, 
high efficiency, and high quality. 
Based on the connotation of the new quality productivity and the principle of index 
construction, on the one hand, the new quality productivity index should display 
spatiotemporal comparability, which not only reflects the trend change of the 
same-time dimension in the same region but also reflects the distribution charac-
teristics of the same-time spatial dimension in different regions. On the other hand, 
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the new quality productivity index should have multi-level characteristics, and its 
connotation shows that "high-tech" new quality productivity attaches importance to 
scientific and technological innovation, especially original and subversive innova-
tion that integrates its achievements into the whole process of production. “High 
efficiency” necessitates the optimal allocation of production factors, the effective 
transformation of scientific research outcomes into practical applications, and the 
achievement of a high level of production efficiency. To achieve "high quality" on the 
new quality of productivity is to eliminate the traditional growth path, which is 
more integrated in the digital era, to better reflect the new connotations of produc-
tivity, in line with the internal requirements of high-quality development, to achieve 
greater "quality" and "quantity" beyond traditional productivity. Therefore, this 
study describes the development of new quality productivity in layers with regard 
to the dimensions of high tech, high efficiency, and high quality, and improves the 
comprehensiveness and hierarchy of the new quality productivity index. 

3.1.2. Index system and data sources 

The new quality productivity index system contains 21 subdivided indicators with a 
sample range of 31 provinces in China from 2012 to 2022 (excluding Hong Kong, 
Macao, and Taiwan). The data sources were the National Bureau of Statistics, China 
Industrial Statistics Yearbook, China Energy Statistics Yearbook, and provincial sta-
tistical yearbooks. Because of the small amount of missing original data, the missing 
data were processed by analogy or interpolation to reduce sample loss. 

3.2 Research method 
3.2.1. Entropy  

The entropy method avoids the disadvantages of the subjective weighting method, 
and objectively reflects the importance of each index in the entire evaluation system 
according to the degree of dispersion of the index data. The greater the degree of 
dispersion, the greater the influence of the index on the evaluation system, and the 
greater the weight of the index. To eliminate the influence of differences in the 
quantity and dimension of each original index value, the original index data should 
be preprocessed before the index is weighted. In this study, the range standardiza-
tion method was adopted to process the index data. 
For positive indicators: 
 

xij =
xij−min(𝑥𝑥j)

𝑚𝑚𝑚𝑚𝑚𝑚 (xj)−𝑚𝑚𝑚𝑚𝑚𝑚(𝑥𝑥j)
  

 
（1） 

For inverse indicators: 
xij =

𝑚𝑚𝑚𝑚𝑚𝑚�xj� − xij
𝑚𝑚𝑚𝑚𝑚𝑚(xj) −𝑚𝑚𝑚𝑚𝑚𝑚(𝑥𝑥j)

 
（2） 

ωij =
xij

∑ xijm
i=1
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（3） 
The information entropy, ej, of the index was calculated, where m is the number of 
years of evaluation. 

ej = −
1

lnm
× �ωij × lnωij

m

i=1

 
（4） 

Compute information entropy redundancy ρj: 
ρj = 1 − ej 

（5） 
And the desired index weight λj: 

λi =
ρj

∑ ρjm
j=1

 
（6） 

According to the index proportion ωij and the corresponding weight λj, the new 
quality productivity level is calculated: 

ui = �λj

m

j=1

 
（7） 

3.2.2. Estimation of nuclear density estimation 

Kernel density estimation is mainly based on the probability density function and 
describes the distribution characteristics of related variables through continuous 
smooth curves, which have less dependence on the model and strong stability. 
Therefore, this study analyzed the morphological characteristics of the NQPI kernel 
density curve at the national and regional levels through kernel density estimation 
to further explore the dynamic evolution characteristics of the development of NQPI 
in China from 2012 to 2022. The formula for kernel density estimation is as follows: 

 
𝑓𝑓(𝑥𝑥) =

1
Nh

�𝐾𝐾(
xi − x

h

N

i=1

) 
（8） 

𝐾𝐾(𝑥𝑥) =
1

√2π
𝑒𝑒𝑒𝑒𝑒𝑒 �−

x2

2
� 

（9） 
 
where f(x) is the density function of the random variable X, N represents the num-
ber of observed samples, and Xi refers to a series of independent congruences. 
Here, X represents the mean of the observations, h is the bandwidth, K(x) is the 
kernel function, and the Gaussian kernel function was chosen for this study. 

4. Results and Discussion 
4.1 New quality productivity index measurement analysis based on 
advanced technology, efficiency, and quality. 

According to the definition of the connotation of new quality productivity, a com-
prehensive evaluation index system of new quality productivity was constructed 
from the three dimensions of high technology, efficiency, and quality, as shown in 
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Table 1. 
Table 1.New quality productivity index system and the weight of each index 

4.2 Analysis of new quality productivity index measurement results 
4.2.1.Measurement results of new quality productivity 

Based on the previous data collection and processing, the new quality productivity 
levels of the 31 provinces in China can be obtained according to the constructed new 
quality productivity index system, as shown in Table 2. In terms of growth rate, 
since 2012 the level of new quality productivity in all provinces has increased; 
Jiangxi Province has the highest growth rate (up to 2.21%), and Tianjin has the low-
est growth rate (0.18%). From an average perspective, regional development is 
quite different. The development level of new quality productivity in Guangdong 
Province is the highest in China (0.5201), whereas that in Qinghai Province is the 
lowest (0.1044). 
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Table 2.Measurement results of new quality productivity in 31 provinces from 2012 to 2022 

Based on the entropy method and data processing above, new quality productivity 
index measurement results were obtained for 31 provinces in China from 2012 to 
2022. Figure 1 shows the changing trends of the new quality productivity index at 
the national and regional levels in the eastern, central, western, and northeastern 
regions of China. Overall, whether at the national or regional level, new quality 
productivity showed a rapid growth trend, which slowed after 2018 despite main-
taining steady growth. The likely reason for this is that the COVID-19 pandemic had 



Mingrui Gou. Yuanchun Yu 
 

 

DOI: 10.63313/EBM.9043 98 Economics & Business Management 
 

a severe negative impact on productivity in 2019 and beyond, where production and 
supply chain disruptions, labor shortages, reduced capacity, and reduced willing-
ness to consume combined to reduce production capacity worldwide. From the 
perspective of regional differences, the development of new quality productivity 
shows a staircase development of east-west-Midland-northeast. The development 
level of new quality productivity was the highest in the eastern region, followed by 
the western, central, and northeastern regions. 

Figure 1. The development level of new quality productive forces in the four regions  
In addition, the new quality productivity index for major years in each region were 
analyzed, as shown in Figures 2 and 3. It can be found that Guangdong, Jiangsu, 
Zhejiang, Beijing, and Shanghai have always occupied the leading position in the 
development of new quality productivity in China. Since 2022, Anhui, Guangdong, 
Hubei, and Hunan have caught up and pursued new quality productivity develop-
ment, whereas the development of new quality productivity in other provinces re-
mains in a relatively backward position. 
 

Figure 2. New quality productivity index of major years by regions  
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Figure 3. New quality productivity index of major years by regions 

4.2.2. Characteristics of the dynamic evolution of the development of new 
quality productive forces 

Based on the relevant features of the obtained kernel density curve (location, shape, 
ductility, etc.), the dynamic evolutionary characteristics of new quality productivity 
development from 2012 to 2022 were analyzed at the national level. Figure 4 shows 
the dynamic distribution of new quality productivity development across the coun-
try from 2012 to 2022. From the perspective of the distribution position of the curve, 
the distribution curve of the development of new quality productivity in each period 
shows a trend of gradually shifting to the right, indicating that its development level 
is improving year by year. During the sample period, the growth rate of China's new 
quality productivity can be roughly divided into two stages, namely, 2012–2017 (Fig. 
5) and 2018–2022 (Fig. 6). During 2012–2017, the growth rate of new quality 
productivity showed a rapid growth trend; the growth rate continued to increase, 
and the development rate became relatively stable in 2018. Although the growth 
rate slowed, it maintained a steady growth trend. 
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Figure 4. Kernel density estimation of 2012--2022 
Furthermore, the figure were used to analyze the morphological characteristics of 
the new quality productivity distribution curve for each period. From the perspec-
tive of the changes in peak height and width, the peak height of the distribution 
curve during the sample period presents a trend of “substantially decreasing - 
slightly decreasing,” while the peak width presents a trend of “significantly expand-
ing - slightly expanding,” indicating that the absolute difference in the development 
of new quality productivity increased rapidly during the sample period from 2012 
to 2017. The absolute difference in the development of new quality productivity still 
shows an expanding trend, but the rate of expansion has slowed down although a 
significant expansion effect was maintained. Regions with advanced new quality 
productivity can drive the development of those with a backward new quality 
productivity. From the perspective of the distribution and ductility of the curve, the 
distribution curve showed a trend of “obvious widening - slight widening.” From 
2012 to 2017, the ductility of the distribution curve of new quality productivity 
widened significantly, and the right-trailing phenomenon was prominent, indicating 
that the difference in the development level of new quality productivity between re-
gions increased during the sample period. From 2018 to 2022, the ductility of the 
distribution curve shows a slightly widening trend, and the widening speed of the 
gap between regions with high new quality productivity and regions with low de-
velopment levels decreases. From the perspective of peak form and number of the 
distribution curves, the distribution curve of new quality productivity presents the 
fluctuation characteristics of “bimodal, unimodal and multimodal.” From 2012 to 
2017, the distribution curve of new quality productivity transitioned from multi-
modal to unimodal, and the polarization phenomenon gradually weakened. From 
2018 to 2022, the distribution curve presented a unimodal evolutionary trend with 
almost no lateral peaks. It shows that with the continuous development of new 
quality productivity, its development appears a slightly multi-polarized phenome-
non, and a few areas have reached a higher level of development. 
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5. Conclusion and policy recommendations 
5.1 Conclusion 

Based on the characteristics of new quality productivity, this study constructs a 
comprehensive evaluation index system of new quality productivity from the three 
dimensions of high technology, high efficiency, and high quality and adopts the en-
tropy method to measure the development level of new quality productivity in 31 
provinces in China during 2012–2022. Given the measurement results, the kernel 
density estimation method, Dagum Gini coefficient method, and spatial autocorrela-
tion model were used to further analyze the dynamic evolution and regional differ-
ences in the development level of new quality productivity in the country's four re-
gions. 
The main conclusions are as follows: 
First, during the sample period, the overall development level of China's new quality 
productivity showed an upward trend, and the development of new quality produc-
tivity showed significant regional differences. From the perspective of the four re-
gions, the development level of new quality productivity was in the order of eastern > 
western > central > northeast region, and regional gap was the main factor affecting 
the development of new quality productivity in the four areas. 
Second, the provinces in the new quality productivity showed a clear gradient trend 
of improvement but also reflected the characteristics of unbalanced development. 
Specifically, many provinces experienced a dynamic development process from the 
initial low-level stage, gradually maintaining a low level, jumping to a higher level, 
and finally reaching a high level. 
Third, there is a significant spatial agglomeration effect of new quality productivity, 
which manifests mainly as low-low and high-high agglomeration. 

5.2 Policy recommendations 

Based on these findings, the following policy recommendations are put forward: 
In the one hand, the research shows that of the three characteristics of new quality 
productivity, the contribution of high technology to the improvement of new quality 
productivity ranks highest, and the contribution of the high-efficiency dimension 
ranks lowest. In the context of high-quality development, planting advanced tech-
nology to drive high efficiency and improve new quality productivity is the key to 
promoting sustainable and healthy economic and social development. The following 
policy recommendations aim to enhance new quality productivity through techno-
logical innovation. First, we should increase the construction of a scientific and 
technological innovation system, increase the proportion of R&D investment in GDP, 
encourage diversified participation, optimize the layout of scientific research, 
strengthen the combination of basic and applied research, and strengthen intellec-
tual property protection to stimulate innovation. Second, it promotes the develop-
ment of high-tech industries, formulates clear industrial development plans, sup-
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ports the growth of innovative enterprises, and promotes collaborative innovation 
upstream and downstream in the industrial chain to enhance industrial competi-
tiveness. In addition, we should deepen the reform of the scientific and technological 
system, reform the talent evaluation mechanism, optimize the transformation 
mechanism of scientific and technological achievements, and strengthen interna-
tional cooperation in science and technology to enhance our country's position in 
the global competition in this field. 
In the other hand, it promotes the coordinated development of new quality produc-
tive forces in the four regions, narrows the regional development gap, and achieves 
sustained and healthy development of the national economy. The eastern region will 
continue to play a leading role in strengthening innovation-driven development, 
deepening the reform of the scientific and technological innovation system, increas-
ing investment in R&D, promoting the development of high-end manufacturing and 
modern service industries, and building a global scientific and technological innova-
tion highland. The western region will increase support, improve the level of basic 
public services, guide the flow of production factors, strengthen infrastructure con-
struction, and promote leapfrog development. The central region undertakes indus-
trial transfers, promotes industrial agglomeration and upgrading, strengthens the 
construction of city clusters, and enhances industrial competitiveness. The north-
east region has deepened reform, stimulated market vitality, developed modern ag-
riculture and green industries, strengthened international cooperation, and acceler-
ated the pace of revitalization. At the national level, regional policy coordination 
should be strengthened, regional cooperation mechanisms established and im-
proved, and coordinated development of the four regions should be promoted. 
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