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With the rapid growth of China’s economy, all walks of life have developed healthily and stably. The relationship
between education, finance and the economy is becoming closer and closer. It is urgent to investigate the
relationship between the three to achieve the right remedy. It is urgent to investigate the relationship between
the three to achieve the right remedy. The study of the relationship between education, finance and economy
has a certain representativeness and practical significance. Firstly, using Pearson correlation coefficient
analysis method and copula entropy, this paper selects the index data of the three subsystems of education.
Firstly, using Pearson correlation coefficient analysis method and copula entropy, this paper selects the index
data of the three subsystems of education, finance and economy in Hubei Province from 2005 to 2020, and
discusses the correlation degree between education, finance and economy in detail. Secondly, it constructs
the coupling coordination degree model of the three subsystems of education, finance and economy, obtains
the coordination degree and Secondly , it constructs the coupling coordination degree model of the three
subsystems of education, finance and economy, obtains the coordination degree and coordinated development
level of the three subsystems, and constructs the GM (1,1) grey-prediction model to predict the coupling
coordination degree in The results show that there is a strong correlation between education and finance,
education and economy, finance and economy.

It is predicted that it will continue It is predicted that it will continue the previous slow upward trend from
2021 to 2024, and initially reach the stage of good, coordinated development in 2024. In order to further
promote the coordinated development of regional education, finance and economy in China and provide
reference for the construction of domestic education finance In order to further promote the coordinated
development of regional education, finance and economy in China and provide reference for the construction
of domestic education finance economy system, this paper puts forward reasonable suggestions: starting
from the internal governance of the two systems, promote the benign This paper puts forward reasonable
suggestions: starting from the internal governance of the two systems, promote the benign development of the
three systems; Increase investment in education and pay attention to the quality of education and teaching;
Accelerate the The paper puts forward reasonable suggestions: starting from the internal governance of the
two systems, promote the benign development of the three systems; Increase investment in education and
pay attention to the quality of education and teaching; accelerate the optimization and upgrading of education
structure and economic structure; Strengthen financial supervision and improve the participation of The
Government of the Republic of Korea will continue to promote the development of the three systems;

Increase investment in education and pay attention to the quality of education and teaching; Accelerate the
optimization and upgrading of education structure and economic structure; Strengthen financial supervision
and improve the participation of investors in the financial market.

Keywords: Education; Finance; Economics; Pearson Correlation Coefficient; Copula Entropy; Coupled Co
Scheduling
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Introduction
Background

In the context of the new era, China’s economy has grown rapid-
ly, and according to the National Bureau of Statistics-China Statistical
Yearbook 2021, China’s domestic GDP has grown continuously, from
367.87 billion yuan in 1978 to 100,878.25 billion yuan in 2020, an
increase of nearly 273 times. Since the reform and opening up, the
level of education has also gradually increased along with the eco-
nomic development, financial construction and the improvement
of people’s living standards. During this period, the state has made
a large amount of investment in education, and in 1977, college en-
trance examinations were resumed throughout the country, and the
education level of students has increased year by year. With the grad-
ual deepening and reform of the education system, the investment in
education funds has played a great role in the development of China’s
national economy Promoting role [1]. With the gradual deepening
and reform of the education system, the investment in education has
greatly contributed to the development of China’s national economy.
Developing education and improving the quality of the population
is a prerequisite for implementing the strategy of strengthening the
country through education, promoting economic growth and social
progress and development, and is a long-term strategic choice for re-
alizing China’s socialist modernization. The report of the 19th Party
Congress points out that “building a strong education country is a
fundamental project for the great rejuvenation of the Chinese nation,
and we must give priority to education, speed up education modern-
ization, and provide education that satisfies the people”.

The national “14th Five-Year Plan” and “2035 Vision” also empha-
size the need to improve national quality, build a quality education
system, optimize the population structure, and expand the popula-
tion quality dividend.[1] The national “14th Five-Year Plan” and “2035
Vision” also emphasize the need to improve national quality, build a
quality education system, optimize population structure, and expand
the population quality dividend. The relationship between education
level, financial construction and economic development is becoming
increasingly close, and a better education system will drive economic
development and improve economic structure. In order to further im-
prove the construction of domestic education-finance- economy sys-
tem, the correlation between education, finance and economy needs
to be explored more deeply.

Significance

In the process of economic and financial development, there ex-
ists a dynamic relationship between the level of education, financial
development and economic growth, which is mutually influential, mu-
tually constraining, interdependent and mutually promoting. On the
one hand, sustained and stable economic growth and rapid financial
development provide a good material basis for improving education
investment; on the other hand, the improvement of education level
can also accelerate the speed of economic development and improve

the quality of financial development by improving human capital, in-
creasing the quantity of talents and improving the quality of talents.
The system constituted by education level, financial development and
economic growth is an open system with high complexity, uncertain-
ty and multiple levels, and the three aspects both promote and con-
strain each other; so it is worthy of in-depth research and exploration.
The correlation analysis of the three aspects, namely, education level,
financial development and economic growth, on the one hand, the
analysis between the two helps us to gain a deeper understanding of
the reasons for the incompatibility between education level, financial
development and economic growth, and provides a scientific basis
for the reasonable regulation of the construction between the two.
On the other hand, the analysis between the three helps to further
control the construction of the domestic education- finance-economy
system, and the conclusions drawn can provide certain reference for
the improvement of China’s comprehensive national power, which
can provide reference for the relevant departments’ decision making
at the macro level.

Review of Domestic and International Literature

Financial development can accelerate economic development,
and it is the increase in the level of economic development that truly
and effectively creates equity in education, which in turn plays an ac-
tive role in promoting human capital optimization, scientific and tech-
nological progress, and direct wealth creation. In conclusion, financial
development can provide the financial needs for economic develop-
ment, while economic development promotes the equity of education.
The exploration of the relationship between education level, financial
construction and economic growth has been studied by many schol-
ars at home and abroad.

Analysis of the Correlation between the Level of Educational
Development, the Level of Financial Development and the Lev-
el of Economic Development: QIN Qiaoling [2] analyzed the impact
on educational equity from the perspective of financial development,
constructed an econometric model, and conducted an empirical anal-
ysis on the impact of financial development and economic develop-
ment on educational equity, collected panel data of 31 regions in Chi-
na from 2000-2016, and established a panel cointegration and error
correction model, the empirical results show that, overall, the direct
impact of economic development on educational equity is significant,
and the financial development has a non-significant direct effect on
educational equity, but shows different indirect effects in different
regions through economic development: significant at the national
level and in the eastern region, but not in the central and western
regions; Wang Chengzong [3] indicates that the Friedman test in
non-parametric statistics shows that there are significant differences
between the central provinces in both hard power (economic devel-
opment level) and soft power (education resource situation), and the
Spearman rank correlation coefficient indicates that the correlation
between financial development and economic development is strong
and the correlation between higher education development and eco-
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nomic growth is weak in the six central provinces, and on this basis,
corresponding policy recommendations are put forward to promote
the rapid rise of the six central provinces.

Analysis of the Correlation between the Level of Financial De-
velopment and the Level of Economic Development: Zarrouk [4]
find that the direction of causality between finance and economy is
from financial development to economic growth, and reverse causali-
ty does not drive this relationship, using Islam as an example. Jinping
Dai[5] showed that financial frictions are an important factor lead-
ing to economic turmoil in China, and financial fluctuations caused
by financial frictions are significantly correlated with real econom-
ic changes; Ren Xiaoyi [6] showed that local economic development
indicators set too high significantly raise the risk of company stock
price collapse; Chen Yulu [7] show that only when the financial cycle
is in a more stable norm does it contribute to economic growth and
financial stability. Conversely, the negative impact on economic devel-
opment and financial stability is evident whether the financial cycle
is too hot or too cold; Jinping Dai and Dongpo Liu [8] found through
empirical analysis that in the short run, economic growth is beneficial
to financial stability, but in the medium and long run, economic over-
heating is detrimental to financial stability.

Analysis of the Correlation between the Level of Educational
Development and the Level of Economic Development: MG Kolos-
nitsyna and YE Ermolina [9] found the results of the study confirm
the positive long- term impact of total education spending on GDP.
However, the difference is that in rich and powerful countries invest-
ment in education at all levels has a positive impact on GDP, while in
poor countries only primary education has a positive return, while
spending on secondary and vocational education reduces GDP; Prince
B [10] showed a positive relationship between human capital and
short-term economic growth in their analysis. Xie Xiugang [11] found
through the analysis of 17 years of statistical data of 30 provinces, it is
concluded that education investment and economic growth are posi-
tively correlated, that is to say, education investment can significantly
improve economic growth, but its effect is in the shape of a wave, and
when basic education reaches a certain level, the influence of educa-
tion investment on economic growth becomes stronger and weaker;
Chen Miao miao and Yang Jiaxin [12] pointed out that regional vo-
cational education in Guangxi has a great influence on the economic
development of Beibu Gulf Economic Zone; Ji Huadong, Huang Seedjie
[13] found the study shows that the equitable distribution of educa-
tional resources can better promote economic development; Miao
Long, Bingxun Wen and Qianya Wen [1] found taking 31 provincial
administrative units in China from 2009 to 2019 as research objects,
on the basis of clarifying the mechanism of coupling and coordination
between local financial investment in education and the development
level of economy, an evaluation index system of local financial invest-
ment in education and economic development level was established,
the comprehensive index of local financial investment in education
and economic development level was measured by using comprehen-
sive evaluation model and entropy weight method, and the coupling

coordination degree and spatial self The spatio-temporal character-
istics of the coupling coordination degree and its spatial correlation
evolution pattern were analyzed by using the coupling coordination
degree and spatial autocorrelation model; Zhu Cingchan [14] ana-
lyzed the contribution of financial education investment to regional
economic growth based on inter-provincial empirical data from 2003
to 2013, and concluded that the contribution of financial education
to economic development was higher than that of physical capital in-
vestment; Wu Hui [15] explored the relationship between financial
investment in higher education and economic growth in China, and
showed that financial investment in higher education has a significant
contribution to China’s economic development.

Analysis of the Correlation between the Level of Educational
Development and the Level of Financial Development: Cole [16-
18] use U.S. Census of Finance information and find, after account-
ing for the effects of age, income, and other important factors, that
increasing educational attainment has a significant growth effect on
household financial market participation, for example, there will be
a 20% increase in participation from high school to college. Ma Hong
[19] found using panel data of 25 Chinese provinces and cities from
1999-2015, we empirically tested the impact of the degree of educa-
tional inequality on the relationship between financial development
and income distribution, showing that the development of formal fi-
nance is conducive to narrowing the gap between residents’ incomes,
while the development of informal finance is detrimental to narrow-
ing the gap between residents’ incomes, that the reduction of educa-
tional inequality can narrow the gap between residents’ incomes, and
that the higher the degree of educational inequality, the financial and
informal financial development has a greater negative impact on in-
come distribution; Yang Fan, Zhao Yue and Yue Shengyuan [20] found
from the perspective of modern human capital theory investment,
based on the dual role of “government-market” in China, financial
development and financial education expenditure are included in the
same research framework, and provincial panel data from 2003-2018
are selected. empirical analysis, we found that financial development
significantly promoted human capital accumulation, and financial
education expenditure played a partly mediating role in this process,
that is, financial development could promote human capital accumu-
lation by influencing financial education expenditure.

Lihua Zhang, Sheng Hou, and Yiran Wang [21] found by selecting
the inter-provincial panel data of 17 resource-based provinces in Chi-
na. It is shown that both financial development and higher education
have a positive contribution to the science and technology innovation
capacity of resource-based regions, and at the same time, higher ed-
ucation has an important contribution to the financial development
and science and technology innovation capacity of resource-based
regions. To sum up, there are a lot of studies on the relationship be-
tween education level, financial development and economic growth
and between the three at home and abroad, and certain research
results have been achieved. The consensus is that there is a certain
correlation between education level, financial development and eco-
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nomic growth and between the three. However, relatively speaking,
not many scholars in China have studied the above-mentioned se-
ries of issues, especially in-depth regional studies, and most of them
have focused on the relationship between the two or the three from
a qualitative perspective, lacking more detailed and in-depth studies
that quantify the influencing factors into specific indicators for ex-
amination. Therefore, this paper will study the correlation, causality
and coupled coordination among education, finance and economy in
China’s regions, taking Hubei Province as an example, and analyze the
correlation among education, finance and economy in Hubei Province
in the past decade, so as to draw corresponding conclusions and put
forward corresponding effective suggestions to provide a scientific
theoretical basis for the rational regulation of coordinated develop-
ment in Hubei Province and the whole country.

Research Content and Framework
The Research in this Paper is Divided into Two Core Parts:

1.
in Hubei Province Since the reform and opening up, China has made

Correlation Analysis of Education, Finance and Economy

excellent achievements and obvious progress in all aspects, and the

relationship between regional education, finance and economy has
been constantly influencing each other and the conflicts have become
increasingly intense, so it is necessary to study the relationship be-
tween regional education, finance and economy. This paper first uses
Pearson correlation coefficient to study the correlation between ed-
ucation, finance and economy. To further investigate the correlation
between the three, Copula entropy is chosen to compare the degree of
influence, and on this basis, the causality between the two is investi-
gated to support the conclusion.

2.
Economy in Hubei Province In the study of (1), it was found that re-

Analysis of the Coordination of Education, Finance and

gional education, finance and economy have a strong correlation. To
further confirm that the three are mutually supportive and symbiotic,
this paper uses the entropy weighting method to calculate the weights
of each subsystem and analyze the development index of each subsys-
tem, followed by the construction of a coupling coordination degree
model to analyze the changes of the interactive coupling coordination
degree of the two systems, as well as to analyze the trend of the cou-
pling coordination degree of the three systems.

The research framework of this paper is shown in Figure 1 below:
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Figure 1: Framework of full-text research content.
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Innovation Points

1.  The current method of correlation analysis between educa-
tion, finance and economy mostly uses Pearson correlation coefficient
analysis, which is only applicable to the case of linear bivariate. There-
fore, in this paper, we combine Copula entropy to conduct analysis on
this basis, not only to compare the depth of influence between the
three, but also to study the causality between the two to help draw
conclusions.

2. In the regional perspective, we study the representative
and exemplary data of Hubei Province, quantify the influencing fac-
tors into specific indicators for correlation and coordination analy-
sis between two or three systems of education, finance and economy
as a whole, and compare them, so as to explore not only the overall
correlation and coordination degree of correlation and coordination
among education, finance and economy in Hubei Province, but also
the differences and the degree of coordination between three systems
and two systems. It is also possible to explore the differences and the
strength of the influence between the three systems and the two sys-
tems.

The Relationship between Education, Finance and
the Economy

The Relationship between Economy and Education

Education and Regional Economy are Interdependent and
Mutually Reinforcing: The level of development of productivity is
consistent with the level of development of education. Generally
speaking, in regions with rapid economic development, education
also develops faster, while in regions with slow economic develop-
ment, education also lags behind relatively. Regional economic de-
velopment not only provides the material and technical conditions
needed for education development, but also puts forward objective
requirements for education, i.e., education is required to provide
more scientific and technological achievements and human resources
to promote regional economic development. It can be seen that there
is an interdependent and mutually promoting relationship between
regional economic development and education [22].

Education and Regional Economy Influence and Constrain
Each Other: Education influences the dynamics of socio-economic
development and the degree of sustainability by increasing the level
and quality of human capital accumulation. Demand for education is
divided into two aspects: social demand and individual demand. How-
ever, both social and individual needs are often influenced by multiple
factors such as political, economic and cultural factors, among which
the most critical influencing factor remains the state of economic de-
velopment. Economic foundation is the material basis of all human
social activities. The level of economic development determines the
level and scale of investment in education, and the speed and degree
of economic development determines the demand for human capital
for social development, which in turn affects the scale, level and struc-

ture of human capital cultivated by education. Only when the overall
level of socio-economic development is higher, the scale of education
will be expanded accordingly, and there will be new demands for the
level and professional structure of talents. As can be seen, the two
influence and constrain each other [22].

The Relationship between Economy and Finance

Economic Development is the Determining Factor of Finance:
Economic development is the key to finance, and finance is secondary,
economic growth in the short term is conducive to financial stability,
finance cannot be superior to economic development; financial ser-
vices in economic development, when the financial cycle is relatively
smooth helps economic growth, but in the uncertain financial cycle,
it can also bring negative effects and negative effects [23]. Economic
development has a decisive influence on finance, which is manifest-
ed as follows: firstly, finance is born in the commodity economy and
continues to develop along with it; secondly, the differences in finan-
cial demand at different stages of commodity economy development
determine the financial structure, stage of financial development and
the level of financial development in China.

Finance as a Driving Force for Economic Development Fac-
tors: Finance promotes economic development mainly in the follow-
ing four aspects [23]. Firstly, financial operation can provide a variety
of favorable environment for economic development; secondly, the
basic function of finance can provide a variety of financing support
for economic development; furthermore, operating financial institu-
tions can effectively promote economic development; finally, the pro-
ductive value-added of finance itself has a direct role in promoting
economic development.

The Relationship between Education and Finance

Simply, financial development can provide the financial needs for
economic development, and economic development promotes the de-
velopment of education. Financial development promotes economic
development mainly by improving the efficiency of investment con-
version of savings, which is based on an effective financial system and
financial market medium. Furthermore, financial development can
provide a good market environment for economic development and
effectively. guarantee stable economic growth. To sum up, we should
correctly handle the relationship between education, finance and eco-
nomic development, follow the principle of balance and interaction,
and consciously make dynamic adjustments to ensure the organic
unity of the development of the three.

Optimal Arrangement of Heliostat Field

Descriptive Statistics of the Current Status of Education,
Finance and Economic Development

Education Level Development: Education level refers to the ex-
tent to which people receive education, and the education level of a
country plays a key role in its future development. Since the reform
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and opening up, China’s education development has made rapid prog-
ress, but the problem of imbalance in regional education development
has become increasingly serious. Although there is no clear definition
of the concept of educational equity in China, scholars from different
aspects and regions have made relevant explanations for it, mainly
including the following three views: First, equal educational rights
and equal educational opportunities. Now China has realized nine-
year compulsory education. Therefore, education is a basic right en-
joyed by every citizen and cannot be influenced by one’s background
of origin, economic strength and social status, and the state also has
the responsibility to ensure that every citizen enjoys equal access to
education and the right to education. Second is the equal matching
of educational resources. The state should ensure that every citizen
has equal and fair access to public educational resources. Educational
resources should be allocated to match local economic development
so that they can be used to maximum advantage and promote better
economic and social development. Currently China as a whole is di-
vided into eastern (11 provinces and cities), central (8 provinces and
cities) and western (12 provinces and regions), of which, for the time
being, Hong Kong, Macao and Taiwan are not considered, as follows:
Eastern region: Beijing, Fujian, Guangdong, Hainan, Hebei, Jiangsu, Li-
aoning, Shanghai, Shandong, Tianjin, Zhejiang; Central region: Anhui,
Heilongjiang, Jiangxi, Hubei, Hunan, Henan, Jilin, Shanxi;

Western region: Chongqing, Guizhou, Gansu, Guangxi, Qinghai,
Inner Mongolia, Ningxia, Shaanxi, Sichuan, Yunnan, Xinjiang, Tibet.

——

According to the China Statistical Yearbook 2021, the number of gen-
eral higher education schools and the number of full-time teachers
in general higher education in each region are selected as indicators,
from which the education development of each province and city in
the country in 2020 can be derived, as shown in Figure 2. From Fig-
ure2, it can be seen that the highest number of general higher educa-
tion schools in 2020 is 167 in Jiangsu and the lowest is 7 in Tibet, and
the number of general higher education schools in Jiangsu is almost
24 times higher than the number of general higher education schools
in Tibet. Meanwhile, the highest number of full-time teachers in gen-
eral higher education institutions is 133,367 in Henan and the lowest
is 2,712 in Tibet, and the number of full-time teachers in Henan is
about 49 times higher than the number of full-time teachers in Tibet.
From the distribution of the graph, the following information can be
obtained: the overall educational development of China’s regions is
uneven, showing a ladder-like distribution. In a comprehensive view,
the overall number of general higher education schools and full-time
teachers of general higher education institutions in the eastern region
are 1142 and 812,480, respectively, while 862 and 566,538 in the cen-
tral region and 734 and 453,964 in the western region, respectively.
Therefore, the overall number of general higher education schools
and the number of full-time teachers in general higher education in-
stitutions are the highest in the eastern region, followed by the cen-
tral region, and the western region is relatively backward in terms
of education level development. That is, the problem of unbalanced
development of regional education is still more serious in 2020.

Figure 2: Number of general higher education schools and number of full-time teachers in general higher education institutions by region.
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Financial Construction Development: When people mention
finance, they first think of money. In fact, finance refers to a series of
economic activities including the issuance and circulation of money,
the issuance and recovery of loans, the withdrawal of deposits, remit-
tances and exchanges, etc. It is a dynamic process. Therefore, financial
development refers to the changes in the volume of financial transac-
tions carried out in a short period of time, as well as the changes in
the scale of finance in different periods. A good financial development
means the expansion of financial scale, the increase of financial assets
and the increase of the number of financial products [23]. According

to the China Statistical Yearbook 2021, the number of listed compa-
nies and the total assets of insurance companies from 2002 to 2020
were selected as indicators, from which the financial development in
the country in recent years can be derived, as shown in Figure 3. From
Figure 3, it can be seen that from 2002 to 2020, the number of listed
companies and total assets of insurance companies in China are on
the rise, and the rate of increase is slowly accelerating. Finance is in
a key position in the economy, which is related to economic develop-
ment and social stability, and has the role of optimizing resource allo-
cation as well as supervising, reflecting and regulating the economy.

Number of listed companies and total assets of insurance
companies

=]

D

014

20

\ o

r of listed companies (pcs)

s of insurance companies (billion yuan)

Figure 3: Number of listed companies and total assets of insurance companies, 2002-2020.

Economic Level Development: China’s economic development
is mainly reflected in the following three aspects: whether the total
economic volume increases, whether the quality of the economy im-
proves, and whether the economic structure is optimized [23] The
growth of economic volume is achieved by looking at the quantity of
products and services in the country or a region. The growth of eco-
nomic volume is achieved by observing the quantity of products and
services of the whole country or a certain region; economic quality
refers to the economic efficiency of the whole country or a certain
region. At the same time, economic efficiency also includes human
environment, natural environment and sustainable development,
etc.; while economic structure refers to the industrial, technological,
distribution and consumption structure of the country or a region.
Economic structure optimization means that the above-mentioned
structures are improved at a higher level. Therefore, when measur-
ing economic development, the indicators of economic development
are mainly growth, quality and structure. According to the China Sta-
tistical Yearbook 2021, the GDP from 2002 to 2020 and the GDP of

each region are selected as indicators, from which the economic de-
velopment of the country in recent years can be derived, as shown in
Figures 4 & 5. In Figure 4, it can be seen that from 2002 to 2020, our
GDP is on an upward trend and the rate of increase is slowly accel-
erating. From Figure 5, it can be seen that the highest regional GDP
in 2020 is 110,760.94 billion yuan in Guangdong and the lowest is
190,274 billion yuan in Tibet, and the regional GDP of Guangdong is
almost 58 times of the regional GDP of Tibet. From the distribution of
the graph, the following information can be obtained: the economic
development of China’s regions is also uneven in general, showing a
ladder-like distribution. In a comprehensive view, the regional GDP
of the eastern region is 550,867.25 billion RMB, that of the central
region is 248,255.90 billion RMB, and that of the western region is
213,291.87 billion RMB. Therefore, the eastern region ranks first in
terms of GDP, followed by the central region, and the western region
lags behind in terms of development. That is, there is also an imbal-
ance in regional economic development in 2020.
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Figure 5: Gross Domestic Product by Region.

Selection of Indicators

In order to further explore the relationship between regional ed-
ucation, finance and economy in Hubei Province, a representative city
in China, we follow the principles of comparability, hierarchy, compre-
hensiveness and representativeness of data, select the indicators that

can objectively reflect the development of regional education, finance
and economy, and combine them with the actual situation in Hubei
Province. The three systems of regional education, financial and eco-
nomic development were constructed from 12 indicators at three lev-
els: regional education development, financial development level and
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economic development level. The research unit is Hubei Province, and
the research period is 2005-2020, with the level of education devel-
opment, financial development and economic development of Hubei
Province as the research object. All data are obtained from the Hubei

Table 1: K-S one-sample test.

Provincial Statistical Yearbook from 2005 to 2020, and the missing
data are supplemented by the average growth rate. Specific data are
shown in Tables 1-3 in the Appendix Tables 1-3.

Original hypothesis Inspection Significance Decision- making
The distribution of year-end baliasr;csf rﬁ; 1dep051ts of financial institutions One-sample K-S test 0.200 Retain original assumptions
The distribution of year-end bala;r:;cre;1 ;)If loans to financial institutions is One-sample K-S test 0.200 Retain original assumptions
Regional GDP GDP is normally distributed. One-sample K-S test 0.200 Retain original assumptions
Regional GDP per capita is normally distributed. One-sample K-S test 0.200 Retain original assumptions
The consumption level of residents is normally distributed. One-sample K S test 0.200 Retain original assumptions
Total social fixed asset investment is normally distributed. One-sample K-S test 0.200 Retain original assumptions
The number of students enrolled in general colleges and universities is One-sample K-Stest 0102 Retain original assumptions
normally distributed.
The number of full-time facult}{ m.colleges and universities is normally One-sample K-S test 0,079 Retain original assumptions
distributed.
The number of general college graduates is normally distributed. One-sample K-S test 0.030 Retain original hypothesis
The number of enrollments in gene1:al hlgher education institutions is One-sample K-S test 0149 Retain original assumptions
normally distributed
The number of general higher edulftaetéon institutions is normally distrib- One-sample K-S test 0.000 Retain original hypothesis
The number of graduate studTntslemjolled in higher education is normal- One-sample K-Stest 0.200 Retain original assumptions
y distributed

Table 2: Correlation test between GDP and the number of students enrolled in general universities.

Gross regional product GDP Number of students enrolled in general
(billion yuan) colleges and universities (persons)
Pearson 1 .909**
. a1 Correlation Significance
Gross regional product GDP (billion yuan) (two- tailed) .000
Number of cases 16 16
Pearson .909** 1
Number of students enrolled in general Correlation Significance
. i { .000
colleges and universities (persons) (two- tailed)
Number of cases 16 16

Note: **. Significant correlation at the 0.01 level (two-tailed).

Table 3: P-values and Pearson correlation coefficients of correlation tests between educational indicators and economic indicators.

Classification Indicators GDP gl .GDP Resident consumption level UGz §oc1a1 sl eneE)
per capita investment

Number of students enrolled in |- 5 0.000 0.000 0.000

general colleges and universities
Number of full-time faculty in 0.000 0.000 0.000 0.000

colleges and universities ' ’ ' '
P-value Number of enrollments in general
higher education 0.000 0.000 0.000 0.000
institutions
Numbei.Of graduate studentsin | 59, 0.000 0.000 0.000
igher education
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Number of students enrolled in
general colleges and universities 0909 0915 0847 0886
Number of full-time facultyin | g5 0912 0.841 0.888
Pearson Correlation colleges and universities
coefficient Number of enrollments in general
higher education institutions 0833 0839 0810 0.794
Numbefﬁogfhgerrag;&tj Studentsin | 0,968 0970 0.978 0968

Appendix Table 1: Specific data on education indicators in Hubei Province, 2005-2020.

| GonenatUniversies | Flltime nbigher | CenesiUniver | Generalbighercducs | - Higher sehol el
fime T:;ﬁzzi?f;::si‘::)s beli;::::;gers Number of gradu- | Number of students Nl;i%l:se :s(;i?oslt;)m- Number of graduate
ates (persons) enrolled (persons) students (persons)
2005 1012665 59009 187920 315560 85 71303
2006 1092274 65164 262591 343877 86 73736
2007 1163686 68117 276005 339174 86 75352
2008 1184915 70617 351854 375512 87 80388
2009 1249061 73159 328202 395929 120 88416
2010 1296920 74685 331303 387612 120 100841
2011 1340298 78952 362991 413600 121 104879
2012 1386086 80665 353014 406957 122 108528
2013 1421434 81784 361572 403860 123 112707
2014 1419699 82821 390921 400307 123 114260
2015 1408738 83444 388621 391157 126 117085
2016 1399948 83517 393627 397623 129 119676
2017 1398805 83507 394423 406668 128 133085
2018 1435937 83403 374796 426561 128 145060
2019 1498070 85276 383037 458777 128 157673
2020 1613706 88750 400960 512822 129 175993

Appendix Table 2: 2005-2020 Hubei Province, the specific data of economic indicators.

Time Gross r‘eg.ional product GDPPer capita regional GDPResident consumption level | Total social f'%xe‘d asset invest-
(billion yuan) (yuan) (yuan) ment (billion yuan)
2005 6469.66 11342.32118 4883 2834.75
2006 7531.80 13210.20784 5533 3572.69
2007 9451.39 16593.03020 6513 4534.14
2008 11497.46 20153.30412 7406 5798.56
2009 13192.14 23081.34022 7791 8211.85
2010 16226.94 28359.43050 8977 10802.69
2011 1994245 34718.75000 10873 12935.02
2012 22590.89 39148.93000 12283 16504.17
2013 25378.01 43834.55000 13912 20753.91
2014 2824213 48634.63000 15712 25001.77
2015 30344.00 52021.26000 17429 29191.06
2016 33353.00 56843.63000 19391 29503.88
2017 37235.00 63169.06000 21913 3187257
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2018 42021.95 71097.12000 25100 35378.55
2019 45828.31 76712.19000 28,500 39128.68
2020 43443.46 74440.47000 26692 40560.49

Appendix Table 3: Specific data on financial indicators in Hubei Province, 2005-2020.

Time Year-end balance of deposits in financial institutions (billion yuan) | Year-end balance of loans from financial institutions (billion yuan)
2005 8184.96000 5649.67000
2006 9570.97000 6430.44000
2007 11093.03000 7496.46000
2008 13439.52000 8465.64000
2009 17505.86000 11659.37000
2010 21568.31000 14136.58000
2011 23949.15000 15662.54000
2012 28006.36000 18004.54000
2013 32636.15000 20796.86000
2014 36153.65000 24239.96000
2015 40896.52000 28338.90000
2016 47284.94849 34530.72417
2017 51708.34000 38154.95000
2018 55371.19420 44340.54137
2019 59747.70148 50663.95922
2020 67159.32000 59872.12912

Pearson Correlation Analysis
Model Introduction and Modeling Steps

Normality Test: For binary normal data, the sample correlation
coefficient is the maximum likelihood estimate of the overall correla-
tion coefficient, which is asymptotically unbiased and valid. That is,
the correlation between variables can be estimated accurately when
the data come from a normal distribution and the sample size is mod-
erate or large enough. In contrast, samples from non-normal distribu-
tions may not be valid estimates, although the correlation coefficients
still remain asymptotically unbiased. Therefore, in this paper, the
normal distribution test is conducted first, and the K-S one-sample
test is the most commonly used test for normal distribution, and the
results are obtained using IBM SPSS 24 software as shown in Table
1 below. The results show that all the indicators conform to normal
distribution except for the number of general college graduates and
the number of general higher education institutions.

Correlation Coefficient: Pearson correlation coefficient is a
method used to determine whether two sets of data are on a straight
line, that is, a method to determine the linear relationship between
the variables, generally denoted by the letter y, which can reflect the
closeness of the correlation between two variables, and its definition
formula is: B

g(xi -y, -») 3-1)

\/Z (=2 Y (-

r=

where n denotes the sample size, X; denotes the value of GDP for
the total level of the economy, V:denotes the value of the variable for
higher education, and x and; denote the mean of the variables.

Coefficient Judgment Rules: In general, the value of |r| ranges
from 0 to 1. The closer the value of "] is to 1, the stronger the correla-
tion between the two variables X and ) . Conversely, the closer the
value of \r\ is to 0, the weaker the correlation between the two vari-
ables X and V' .The Pearson correlation coefficient, which reflects the
correlation coefficient between the two indicators of economy and
education, is specified as follows:

1. 0< |V| <0.3, then the two indicators are not correlated.
2. 03< |r| < 0.5, then the two indicators are low correlated.

3. 0.5S|r|<0.8, then the two indicators are moderately cor-
related.

4. (.8< |r| < then the two indicators are highly correlated.

Correlation Analysis of Results: The IBM SPSS 24 software was
used to analyze sample data and was able to derive the degree of cor-
relation between various indicators of education, finance and econ-
omy.

Correlation between Education and Economy: Higher educa-
tion is an accurate indicator of education, and the number of students
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in general colleges and universities is an indicator of the level of high-
er education in China, and an increase in the number of students in
general colleges and universities indicates an increasing enrollment
in colleges and universities. The correlation between the number of
students in general colleges and universities and GDP can reflect the
investment in higher education in a country. Table 2 shows the test
results output by SPSS software based on the correlation analysis be-
tween GDP and the number of students enrolled in general colleges
and universities in Hubei province during 2005-2020, it can be seen
that there is a significant correlation between GDP and the number of
students enrolled in general colleges and universities, with a p-value
of 0.000 significantly less than oc for 0.01, which passed the signif-
icance test, and the correlation between them is strong and linear,
with a value of Pearson correlation coefficient is 0.909, which is great-
er than 0.8 and is highly correlated. Therefore, for Hubei Province,
during the nearly 16 years of development from 2005 to 2020, the
investment in education in Hubei Province has increased, which has
well driven the economic development of the whole Hubei Province.
With the continuous improvement of Hubei’s economy year by year, it
in turn drives the development of education.

The economic indicators, including GDP of regional gross prod-
uct, GDP per capita, consumption level of residents, and investment
in fixed assets of the whole society, were tested in the same way with
the educational indicators, namely the number of students in general
colleges and universities, the number of full-time teachers in colleges
and universities, and the number of enrollment in general colleges
and universities and the number of graduate students in colleges and
universities, and the results are presented in the form of Table 3 as

follows. The results show that education indicators and economic in-
dicators are significantly correlated with each other, and the p-value
is 0.000 significantly less than oc for 0.01, which passes the signif-
icance test, and the correlation degree between them is strong and
linear. The Pearson correlation coefficient between the number of
enrollments in general higher education institutions and the invest-
ment in fixed assets of the whole society is 0.794, which is a moderate
correlation. In summary, there is a strong linear correlation between
the level of economic development and the level of educational devel-
opment in Hubei Province.

The Degree of Correlation between Economy and Finance:
The economic indicators, including GDP of regional GDP, GDP per cap-
ita, consumption level of residents, and investment in fixed assets of
the whole society, and the financial indicators, including the year-end
balance of domestic and foreign currency deposits of financial institu-
tions (including foreign capital) and the year-end balance of domestic
and foreign currency loans of financial institutions (including foreign
capital), were tested by Pearson correlation coefficient, and the re-
sults are presented in the form of Table 4 as follows. The results show
that education indicators and financial indicators are significantly
correlated with each other, and the p-value is 0.000 significantly less
than oc 0.01, which passed the significance test, and the correlation
between them is strong and linear, and the values of their Pearson
correlation coefficients are all greater than 0.8, which are highly cor-
related. In summary, there is a strong linear correlation between the
level of economic development and the level of financial development
in Hubei Province.

Table 4: P-values and Pearson correlation coefficients of the correlation test between financial and economic indicators.

Classification Indicators GDP Regional .GDP Re51dfmt consump- Total §0c1al fixed
per capita tion level asset investment
Financial institutions (including foreign capital)
year-end balance of domestic and foreign curren- 0.000 0.000 0.000 0.000
cy deposits
P-value
Financial institutions (including foreign capital)
year-end balance of domestic and foreign curren- 0.000 0.000 0.000 0.000
cy loans
Financial institutions (including foreign capital)
year-end balance of domestic and foreign curren- 0.991 0.992 0.991 0.997
Pearson Correlation cy deposits
coefficient Financial institutions (including foreign capital)
year-end balance of domestic and foreign curren- 0.969 0.969 0.997 0.978
cy loans

Relevance of Education to Finance: The education indicators
are the number of students in general colleges and universities, the
number of full-time teachers in colleges and universities, the number
of enrollment in general colleges and universities and the number of
graduate students in colleges and universities, and the financial in-

dicators including the year-end balance of deposits in domestic and
foreign currencies of financial institutions (including foreign capital)
and the year-end balance of loans in domestic and foreign currencies
of financial institutions (including foreign capital) were tested by
Pearson correlation coefficient, and the results are presented in the
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form of Table 5 as follows. The results show that education indicators
and financial indicators are significantly correlated with each other,
and the p- value is 0.000 significantly less than oC 0.01, which passed
the significance test, and the correlation between them is strong and
linear, and the values of their Pearson correlation coefficients are all
greater than 0.8, which are highly correlated. In summary, there is a

strong linear correlation between the level of educational develop-
ment and the level of financial development in Hubei Province. The
Pearson correlation coefficient is an important correlation measure
concept in the history of statistics and is widely used, but it has many
limitations because it is a concept introduced early in statistics.

Table 5: P-values and Pearson correlation coefficients of correlation tests between educational and financial indicators.

General Univer- Full-time in General higher Higher Educa-
Classificati ] 7 higher educa- | education institutions | tion Number
assification Indicators sities Number of ior, Number of | Number of student £ led erad
students in school | fiom Number o umber of students | of enrolled grad-
teachers enrolled uate students
Financial institutions (including foreign
capital)
0.000 0.000 0.000 0.000
year-end balance of domestic and foreign
currency deposits
P-value
Financial institutions (including foreign
capital)
0.000 0.000 0.000 0.000
year-end balance of domestic and foreign
currency loans
Financial institutions (including foreign
capital)
0.991 0.992 0.991 0.997
year-end balance of domestic and foreign
Pearson Correlation currency deposits
coefficient Financial institutions (including foreign
capital)
0.969 0.969 0.997 0.978
year-end balance of domestic and foreign
currency loans

First, theoretically, it is only applicable to the linear case, implic-
itly assuming a Gaussian distribution, which makes it inapplicable in
most practical situations. Secondly, it is a bivariate metric concept,
and there is no multivariate version of it. Finally, because the two
metrics, the number of general college graduates and the number of
general higher education institutions, do not pass the normality test,
no Pearson correlation coefficient test is conducted in this section for
these two metrics. In summary, this paper will continue to use Copu-
la entropy [24-26] (Copula Entropy, hereinafter referred to as CE) to
supplement as well as to conduct causality analysis.

Copula Entropy Correlation and Causality Analysis

CE is a more advanced correlation measure that has significant
advantages over the Pearson correlation coefficient. First, it has no
assumptions of linearity and Gaussianity and is a multivariate cor-
relation measure. Secondly, CE also has monotonic transformation in-
variance. Finally, in the case of Gaussian distribution, it is equivalent
to the correlation coefficient. The following are the advantages of CE:

1. No model assumptions.
2. Can handle non-linear relationships.

3. Statistical independence measures.

4. Monotonic transformation invariance.

5. CE is equivalent to the correlation coefficient in the Gaussian
case.

Model Introduction: Given the joint distribution function F(X)
, the marginal distribution function £(X;) and the Copula function
c(u) for any N-dimensional random variable X, the joint distribution
function can be expressed as

F(x)= C(E ()5 Fy (xy ))
Then CE is defined as

(3-2)

Hc(x) = —jc(u)logc(u)du

u

Estimated ECD:

1 T
F(x) =2 x(f <x,

t=1

Then TE is defined as

TE=-H.(Y,,Y,X)+H (Y, })+H.(Y,X;) - H.(Y)
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where Y denotes the marginal distribution function of

Xui =Fi(xi),i =1,..., N, Xisthe cause and Y is the effect.

Correlation Analysis of Results: After completing the work of
model building, the sample data were analyzed using R software and
were able to derive the degree of correlation between various indi-
cators of education, finance and economy. Unlike the Pearson cor-
relation coefficient, which measures the degree of correlation and is
a relative quantity, and therefore has a fixed range of values, the CE
measures the amount of information of correlation and is an absolute

for Hubei Province, the correlation between finance and economy is
the highest, education and economy is the second, and education and
finance is currently the most backward correlation during the devel-
opment process of the last 16 years from 2005 to 2020. And the cor-
relation between education, finance and economy is inferior to the
correlation between finance and economy both, and superior to the
correlation between education and economy both and education and
finance both.

Table 6: CE of both or all three: Economics, Finance and Education.

quantity without a clear upper limit, so there is no uniform numerical Indicators CE
standard to decide whether it is correlated or not, and the standard Education and Finance 25401
tlllres}}old o.f correlation has to be decided according to the specific Fducation and Economy 3630
situation. Figure 6 and Table 6 are the summary of the results out- - 4E 60433
put by R based on the correlation analysis of education, finance and mance and Bconomy -
economy in Hubei Province from 2005 to 2020, it can be seen that Education, Finance and Economics 47223
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Figure 6: Joint distribution of 12 measurements (upper panel) & estimated empirical covariance (lower panel).
Copyright@ : Bin Zhao | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008468. 45193


http://dx.doi.org/10.26717/BJSTR.2023.53.008468

Volume 53- Issue 5

DOI: 10.26717/B]JSTR.2023.53.008468

Causality Analysis of Results: As the most common variable,
this paper selects the indicator of gross regional product (GDP) to
characterize the total development level aspect of the regional econ-
omy. Firstly, GDP has been favored by many scholars as a necessary
reference indicator for economic analysis. Second, GDP can well re-
flect the economic development of a region, so this paper uses the
core variable of GDP to represent the total level of regional economy.
The selection of indicators is then based on the comparison of the re-
lationship with the strength of correlation with the variable GDP, and
the two indicators with higher correlation are selected for the causal-
ity analysis. Table 7 is the summary of the results output by R based
on the correlation analysis of GDP with education and finance related

Table 7: CE of GDP and financial indicators and education indicators.

indicators in Hubei province from 2005 to 2020, it can be seen that for
Hubei province, in the development process of the last 16 years from
2005 to 2020, two indicators of GDP and finance have the same cor-
relation, and among the six indicators of education have the highest
correlation with the number of graduate students in higher educa-
tion, so education For the indicators of education, finance and econo-
my, we choose: the number of graduate students in higher education
and the number of general higher education institutions, the year-end
balance of domestic and foreign currency deposits of financial institu-
tions (including foreign capital) and the year-end balance of domestic
and foreign currency loans of financial institutions (including foreign
capital), GDP and regional GDP per capita, respectively.

Classification Indicators CE
Finance Financial institutions (including foreign capital) year-end balance of domestic and foreign currency deposits 0.8023
Financial institutions (including foreign capital) year-end balance of domestic and foreign currency loans 0.8023
Number of students enrolled in general colleges and universities 0.4718
Number of full-time faculty in colleges and universities 0.6649
) Number of general college graduates 0.2530

Education

Number of enrollments in general higher education institutions 0.0877
Number of general higher education institutions 0.7186
Number of graduate students in higher education 0.8023

Figures 7-9 are a summary of the results output by R based on
the causality analysis of economic and education and finance-related
indicators in Hubei Province from 2005 to 2020. As can be seen from
Figure 7, for Hubei Province, the causality of the two influences of ed-
ucation on the economy over the nearly 16 years of development from
2005-2020, outcome 1 is relatively flat in the first 10 hours of time
lag, while outcome 2 is up and down, but both factors reach a trough
in the 11-hour time lag, and in general, the trends are not similar As
can be seen in Figure 8, for Hubei Province, the causality results of
both influences of the economy on finance rise slowly with a 12-hour
time lag over the nearly 16 years of development from 2005-2020,

and in general, the trends are very similar and nearly identical. As can
be seen in Figure 9, for Hubei Province, the causality of two influences
of education on finance over the nearly 16 years of development from
2005-2020, outcome one rises slowly over a 12- hour time lag, while
outcome two goes up and down, but both factors peak over a 12-hour
time lag, and in general, the trends are not similar. In summary, the
causality between education and economy and education and finance
may not be immediately apparent, but rather a cumulative process,
and they have a relatively greater impact 10 hours later, while some
causality may exist for finance and economy.
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Figure 9: TE in Finance and Education.
Summary of this Section Analysis of the Harmonization of Education, Finance
and the Economy

In summary, whether from the results of Pearson correlation
In the previous study, it was found that regional education, finance

coefficient or Copula Entropy, there is a strong correlation between
and economy have a strong correlation. In order to further confirm

the level of economic development and the level of education devel-
that the three are mutually supportive and symbiotic, it is necessary

opment, between the level of economic development and the level of
financial development, and between the level of education develop- to pay attention to the coordinated development of the three. When
ment and the level of financial development in Hubei Province. The
correlation between finance and economy is the highest, education
and economy is the second, and education and finance is the most
backward. And the correlation between education, finance and econ-
omy is inferior to the correlation between finance and economy both,
and superior to the correlation between education and economy both
and education and finance both. This also indicates that the coordi-
nated development of the three systems is more worthy of attention
than the two systems. If the government increases the investment in ~ Index System Construction and Research Method
education, it can well drive the economic and financial development Data Selection: According to the availability and comparability
of the whole Hubei province; if it increases the investment in econo- of statistical data, the same indicators and data as in Chapter 3 are
my, it can well drive the education and financial development of the selected to initially construct the dynamic imbalance between educa-
whole Hubei province; if it increases the investment in finance, it can tion, finance and economic development, taking into account the real
well drive the economic and educational development of the whole
Hubei province. Therefore, in the future development, at the time of
rapid economic and financial development, the government should
pay more attention to the current slow development of education
level, invest more on education, strengthen the system management,
make the development of education more efficient and comprehen-
sive, and finally promote the complementary and coordinated devel-

opment between education, finance and economy.

the development among regional education, finance and economy is
coordinated, enhancing education can promote the good operation of
finance and economy, growing finance can promote the good opera-
tion of education and economy, and enhancing economy can promote
the good operation of education and finance; when the coordination
among regional education, finance and economy is unbalanced, the
three may have lagging development or even influence each other.

situation in Hubei Province.
Standardization of Index Values: It is necessary to determine
the positive and negative nature of the indicators before standard-
izing the indicator values. Among them, positive indicators refer to
indicators that develop forward and grow upward to bring positive
benefits or good effects to the subject’s results; while negative indi-
cators (also called negative indicators and reverse indicators) refer to
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indicators that develop forward and grow upward to bring negative
benefits or worse effects to the subject’s results. The larger the pos-
itive indicator, the better, and the smaller the inverse indicator, the
better. Commonly used de-rating methods are standardization meth-
od, extreme value processing method and efficacy coefficient method,
this paper uses the extreme value processing method [27,28]. In this
paper, we use the extreme value method.

The formula for calculating the positive indicator is as follows:

(4-1)

. max(x;)—x,
;

- max(x,;) —min x,

The formula for calculating the inverse indicator is as follows:

. max(x; )= x,
Xy =—————————

_ . (4-2)
max(x,;) —min x,,

where, % is the standardized value of the jth indicator in year ‘
, 1=2005,...2020, j=1,...,12,and *; are the actual values of the jth
indicator in year i. The final calculation results may have zero values,
and in order to make the logarithm meaningful when calculating the
weights, the data need to be non-zeroed, and the specific standard-
ized data are shown in Tables 8-10 in the following Appendix Table 4.

Table 8: Hubei Education, Finance and Economy Coupling Coordination Index System.

Subsystems Basic indicators Nature of Indicator | Indicator weights
Number of students in general colleges and universities/ person + 0.092
Number of full-time faculty in higher education/person + 0.104
) Number of general college graduates/ person + 0.087
Education System - - —
Number of students enrolled in general higher education institutions/person + 0.087
Number of general higher education institutions/institutes + 0.095
Number of graduate students in higher education/person + 0.092
Year-end balance of deposits in financial institutions/billion yuan + 0.070
Financial System - - - -
Year-end balance of loans to financial institutions/ billion yuan + 0.068
Gross regional product GDP/billion yuan + 0.064
) Per capita regional GDP/$ + 0.074
Economic System - -
Resident consumption level/yuan + 0.076
Total social fixed asset investment/ billion yuan + 0.091
Table 9: Classification criteria of coupling coordination.
U‘>U, U1 =U7 U1<U7
Uy Lagging type Simultaneous evaluative U1 Lagging type
0<R<03 0.3<R £0.5 0.5<R<08 08<R<1
flv down Grinding and
Low-level phase of relative exclusion };ta o optimization High level of integration stage
8 phase
0 SDHEOA O.4<DnS 0.6 0.6<Dn§1
Dislocation recession interval Transition reconciliation interval Coordinated evaluation interval
0.00- 0.10 0.20- 0.30- 0.40- 0.50- 0.60- 0.70- 0.80- 0.90-
0.09 -0.19 0.29 0.39 0.49 0.59 0.69 0.79 0.89 1.00
E;t;g?lil_y Sever edys Mdodser(:a-te Mild dys on the verge barely Coordi- Primary Inter mediate | Good Coordi- Quality Coor
}t,ional functional u}l]a tio%l regulation | of Disorders | nation Develop- | Coordination | Coordination | nation Devel- | donation Devel-
. decline . recession Recession ment Development | Development opment t opment
recession recession
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Table 10: Development index of coupling coordination between

education, finance and economy in Hubei Province.

Time U U, y,

2005 0.0001 0.0001 0.0001
2006 0.01 0.0023 0.0018
2007 0.0132 0.0061 0.004
2008 0.0216 0.0101 0.0068
2009 0.0346 0.0138 0.013
2010 0.0375 0.02 0.0186
2011 0.0441 0.0274 0.0219
2012 0.0455 0.0339 0.0273
2013 0.0478 0.0413 0.0336
2014 0.0496 0.0488 0.0396
2015 0.0502 0.0554 0.0473
2016 0.052 0.0608 0.0582
2017 0.0542 0.0691 0.0651
2018 0.0569 0.0797 0.0739
2019 0.063 0.0894 0.0834
2020 0.0738 0.0864 0.098

Appendix Table 4: Coupling degree of education, finance and econ-

omy in Hubei Province.

Time Ryp Ryg Ry

2005 0.4950 04975 0.4996
2006 0.3611 0.3900 0.4966
2007 04239 0.4648 0.4898
2008 0.4266 0.4655 0.4906
2009 0.4459 04517 0.4998
2010 0.4706 04763 0.4996
2011 0.4709 0.4862 0.4969
2012 0.4841 0.4947 04971
2013 0.4924 0.4987 0.4974
2014 0.4969 0.5000 04973
2015 0.4998 0.4994 0.4984
2016 0.4992 0.4984 0.4999
2017 0.4979 0.4963 0.4998
2018 0.4957 0.4930 0.4996
2019 0.4952 04925 0.4997
2020 0.4950 0.4985 0.4990

Confirmation of Indicator Weights: There are many methods
to calculate the weights, including quantitative statistics, hierarchi-
cal analysis, pairwise comparison and principal component analysis,

etc. In this paper, we mainly use the inverse entropy method, which
is rarely used in the objective weighting method, to assign weights to
indicators. First, the inverse entropy method can circumvent the ex-
treme situation of indicator failure. Second, the inverse entropy meth-
od can reflect the differences between indicators. Finally, the inverse
entropy method can reduce the subjective errors caused by human
assignment in the case of limited sample size.

Step 1: Calculate the inverse entropy value R g

*

X

nj:ﬁ (4_3)
S
i=2005
2020
Rij:_z 1y xIn(1-1;) (4-4)

i=2005

Step 2: Confirm the weights w;

W= (4-3)

The system of quality indicators for the coupled development
of the three systems of education, finance and economic growth is
shown in Table 8 below.

Calculation of Development Index: The subsystems of educa-
tion level, financial development, and economic growth are denoted
by ], F, and E, respectively, and the development indices of each sub-
system U, U, and U Are calculated as follows [29]:

Ui = waj *ij(j=12,....,m)
= (4-6)

By weighting and summing the indicators of each subsystem, the
coupled development index of education, finance and economy is de-
rived.

Coupling Coordination Evaluation Analysis: Coupling refers to
the phenomenon that two or more systems are affected by various in-
teractions and is a reflection of the dynamic connection between the
systems. If multiple subsystems are positively coupled, the original
properties of the subsystems will change, making them higher-level
systems. The degree of coupling describes the possibility of a system
becoming a higher-level system and the degree of influence of inter-
actions [30,31]. The coupling degree model of the two systems is as
follows:

|y, |t
’ (U1'|'U2)2 2 (4-7)

The three-system coupling degree model is as follows:
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U,U,U, 1
(UJ +Up )(UJ +Uy )(UF +Uy )| 3 (4-8)

.

Among them, U;and Usrepresent the development index of each
subsystem respectively, and R, represents the coupling degree, which
belongs to [0,1]. The specific data of the coupling degree of the three
systems of education, finance and economic growth are shown in Ta-
ble 11 in the following Appendix Text. However, the coupling degree
generally refers to the degree of interaction between systems, which

means that the coupling degree does not reflect the level of syner-
gistic assessment among systems well. Therefore, a coupling coor-
dination degree model is invoked on this basis to measure the level
of synergistic assessment of multiple systems to reflect the orderly
development and good coupling synergy of the systems. The model
organically combines the coupling status of each subsystem R,and
the evaluation level 7} to make the collaboration of each system more
adequate and to assess the coordination level of each subsystem [29].

Table 11: Education level-financial development, education level-economic growth and financial development-economic growth coupling

coordination.
Education - Finance (JF) Education and Economics (JE) Finance and Economics (FE)
year
D, Degree of coupling coordination D, Degree of coupling coordination D, Degree of coupling coordination
Intermediate Intermediate Intermediate
2005 0.704 0.705 0.707
Coordination Coordination Coordination
Intermediate
2006 0.606 Primary Coordination 0.629 Primary Coordination 0.706
Coordination
Intermediate
2007 0.658 Primary Coordination 0.689 Primary Coordination 0.703
Coordination
2008 0.664 Primary Coordination 0.694 Primary Coordination 0.706 Intermediate Coordination
2009 0.685 Primary Coordination 0.69 Primary Coordination 0.716 Intermediate Coordination
2010 0.706 Intermediate Coordination 0.711 Intermediate Coordination 0.72 Intermediate Coordination
Intermediate Intermediate Intermediate
2011 0.71 0.722 0.722
Coordination Coordination Coordination
Intermediate 0.731 Intermediate Intermediate
2012 0.721 0.726
Coordination Coordination Coordination
Intermediate Intermediate Intermediate
2013 0.73 0.737 0.731
Coordination Coordination Coordination
Intermediate Intermediate Intermediate
2014 0.736 0.741 0.736
Coordination Coordination Coordination
Intermediate Intermediate Intermediate
2015 0.741 0.743 0.741
Coordination Coordination Coordination
Intermediate Intermediate 0.748 Intermediate
2016 0.744 0.745
Coordination Coordination Coordination
Intermediate Intermediate 0.753 Intermediate
2017 0.747 0.747
Coordination Coordination Coordination
Intermediate Intermediate 0.759 Intermediate
2018 0.749 0.749
Coordination Coordination Coordination
Intermediate Intermediate 0.766 Intermediate
2019 0.754 0.754
Coordination Coordination Coordination
Intermediate Intermediate 0.769 Intermediate
2020 0.762 0.761
Coordination Coordination Coordination
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The calculation formula is:

1

DO = (RO + ]I))E (4_9)

T,=>aU.,n=2,4,6
i1 (4-10)

In the above two equations, D, is the coupling coordination de-
gree; T is the integrated development index among several subsys-
tems in the region; ¢, is the coefficient of subsystem to be determined.
Also, since these three subsystems have the same importance in the
study of system interaction, the weights are taken as the average of
the total weights1. Based on this, the two-system coupling degree
model is used to calculate and analyze the coupling development of
education level-financial development (JF system), education lev-
el-economic growth (JE system) and financial development- econom-
ic growth (FE system), and the coupling relationship of education lev-
el-financial development- economic growth (JFE system) is explored
using the theory of three-system coupling degree model. This paper
refers to Jin Universe and Chen Bingpu [32]’s classification for the de-
tailed classification of coupling coordination degree, and the settings
are shown in Table 9.

o Convergence Test: The O convergence test allows measuring
the discrete degree of development of coupling coordination between
JE, JE and FE systems. The observation of the T, function can explain
to some extent the development gap in the future coupling coordina-
tion of the JF, JE and FE systems and analyze their development advan-
tages and structural adaptability. Compared with the absolute value
of the standard deviation, the coefficient of variation in this method
is more effective in preventing the influence of the deviation on the
convergence, and therefore the coefficient of variation is used as the
convergence indicator of O . The convergence test function O,

3 — Dy + Doy + Dy (4-11)
t
3

(DOJFt _E)Z +(D01F _Bt)z (DOFEt _Et)z l

o, =] L
3D, 2 (4-12)

With O, representing the coefficient of variation of the 3 coupling
coordination degrees among the interacting systems at the time t, if
the O index gradually decreases, it means that the coordination cou-
pling degrees of the 3 interacting systems will converge, while on the
contrary, their coordination coupling degrees will show divergence.
The judgment rule is as follows:

1. If 6, <0,,then convergence exists.

2. If G,y <O,y then it is considered to have T-stage conver-

gence between these 3 coupling coordinators.

3. Ifo,,r <0, is available for any 7 > (), the convergence of

O is considered consistent for these 3 coupling coordinators.

GM (1,1) Gray Forecast Analysis: Predicting the development
trend can control the law of change, make prevention in advance, and
provide a reliable basis for the corresponding decision, so it is of some
significance to predict the coordination development trend. Gray pre-
diction [33,34] By determining the change pattern between differ-
ent sequences, the uncertainty of the sequence is transformed into
a strong regular sequence to predict the future development trend of
the sequence. The gray prediction model can effectively predict time
series with low data volume and low data integrity and reliability.
The method uses differential equations to extract the nature of the
data, which has the advantages of small amount of information, high
accuracy, simple operation, easy testing, and does not consider the
distribution pattern or change trend. There are many kinds of gray
prediction models, among which GM (1,1) is the most commonly used
model. The first number represents a first-order differential, while
the second number represents a data series.

Step 1: GM (1,1) differential equation dynamics model

av?
7+QX=b (4_13)

where a and b are coefficients to be determined, a is the develop-
mental gray number and b is the endogenous control gray number.

Step 2: Solve the parameter a by the least squares method to ob-
tain the time response function of the gray prediction.

b

b, -a
XU k+1) =[x, (1)—;]e ¢ e

k=121 (4 1)

The GM (1,1) model generally considers two values of p and C
when testing the accuracy of the prediction model. The posterior test
difference ratio C value is used for model accuracy assessment, and
the smaller its value, the better. The test rules are as follows:

1. C<0.35,then the model accuracy level is good.
2. 0.35<C<0.5,if the model accuracy passes.

3. 0.5<(C<0.65, The model accuracy is basically up to stan-
dard.

4. (C>0.65The model accuracy level is not up to the require-
ment.

The small error probability p-value test rule is as follows:

1. 2 =0.71f the model fails, the model fails.

2. 0.7<p<0.8 The model barely passes.

3. 0.8<p<0.951fthe model passes, the model is qualified.

4. p>0.95The accuracy of the model is good.
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Analysis of Single System Development Index Results

The coupled development indices of education, finance and econ-
omy systems are shown in Table 10 below as well as the trend chart
in Figure 10 below. As shown in the figure and table above, the devel-
opment of the JFE system can be divided into 2 phases:

1.
this phase, the development indexes of the financial subsystem are

Low-level financial development lag phase (2005-2015). In

basically in line with those of the economic subsystem. the develop-
ment indexes of all 3 systems are in a more stable but slow develop-
ment process. The development indexes of the education system are
significantly higher than those of the other two systems, indicating
that the advantage of education level is greater than that of economic
growth and financial development at this stage. The development in-
dexes of the education level system, the economic growth system, and
the financial development system are ranked from highest to lowest.

2. High education level lagging stage (2016-2020). After
2016, the financial and economic development indexes continue to
rise, while the change in the education level index is stable, and the

financial and economic development indexes gradually overtake the
education level index. The economic growth system, financial devel-
opment system, and education level system development index rank
from high to low. The main feature of this period is that the rapid de-
velopment of economic and financial systems in Hubei Province has
far surpassed the index of education development and entered the
stage of high-level education level lagging. In summary, during the de-
velopment of the JFE system, the economy of Hubei Province first en-
tered a rapid development phase. During 2005-2015, the financial de-
velopment temporarily lags behind. During 2019-2020, the economic
development system has entered the middle and high level, and the
development of the economic system will promote the GDP growth of
the financial system and the continuous improvement of the financial
system, and even catch up with the economic system. During the pe-
riod of 2011-2020, while the financial and economic systems are de-
veloping at a high speed, the education system in Hubei Province has
entered a slow growth stage and the JFE system has entered a lagging
stage in education level. This means that one of the keys to solve the
coordinated development of the three systems in Hubei Province at
this stage is to solve the problem of lagging education level.

Development Index of the Coupling of Education, Finance and
Economy in Hubei Province
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Figure 10: Development Index of Education-Finance-Economy Coupling Coordination in Hubei Province.

Analysis of the Results of the Coordination Degree of Inter-
active Coupling of the Two Systems

Coupling Coordination Degree Results Analysis: The coupling
coordination degree between these two systems is obtained by solv-
ing the relational equation of the coupling degree of the two systems
from formula (4-7), as shown in Table 11 and Figure 11. the changes
of the coupling coordination degree between the JF and JE systems
are similar. both the JF and JE systems go through three stages of re-

covery from intermediate coordination development to primary co-
ordination development and then rise to intermediate coordination
development. Overall, the coupling coordination degree is gradually
optimized. Compared with the JF and JE systems, the coupling coor-
dination degree of the FE system developed rapidly. Compared with
0.058 for the JF system and 0.062 for the FE system, the coupling co-
ordination degree of the JE system only increased by 0.056 through-
out the study interval, which is relatively low. In the temporal dimen-
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sion, the three systems interacting coupling coordination is in the
leading position in 2005-2011, 2012-2015, and 2016-2020 for the FE
system, JE system, and FE system, respectively, i.e., although the cou-
pling coordination of the FE system has ups and downs in the middle,
its growth rate of obtaining the best coupling coordination is higher
compared to the other 2 interacting systems higher. From the trend
dimension, the coupling coordination of the FE system is the first to
enter the stage of high-quality coordination development. From the

development dimension, although the interactive coupling coordi-
nation among the three systems has entered the range of coordina-
tion evaluation, its coupling coordination degree not only fluctuates
in the middle, but also develops slowly and has a medium coupling
degree. Among them, the JE system coupling coordination degree is
relatively low. Promoting the long-term coordinated development of
education-economy is one of the main problems of coordinated devel-
opment in Hubei Province.

Education-finance, education-economy and finance-
economy coupling coordination
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Figure 11: Education level-financial development, education level-economic growth and financial development-economic growth coupling

coordination.

O Convergence Test Analysis of Results: O, The trend with
time t is shown in Figure 12. From 2005 to 2006, the coupling coor-
dination of the interactive systems of JF, JE and FE in Hubei province
showed a divergence, indicating that the difference in the coupling
of the interactions of the three systems increased in this stage and

the development structure of the three systems tended to be unrea-
sonable between the two. After 2006, the coupling trend gradually
converged, indicating that after 2006, the coupling difference of the
3 systems decreased significantly, and the development structure of
the 3 systems tended to be reasonable, synchronous and coordinated.
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Convergence test for coupled coordinated development
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Figure 12: Convergence test of coupled education level-financial development-economic growth coordination.

Analysis of the Results of the Coupling Coordination De-
gree of Education-Finance-Economy Triple System

Coupling Coordination Degree Results Analysis: The coupling
development of Hubei JFE system from 2005 to 2020 is shown in Ta-
ble 12. The minimum value of coupling coordination degree of Hubei
JFE system is 0.646 and the maximum value is 0.764, which is always
in the coordination development area from 2005 to 2020. However,
among them, the coupling coordination degree is less than 0.7 from
2006 to 2009, which is the primary coordinated development, and
the coupling coordination degree is greater than 0.7 again after 2010,

which enters the intermediate coordinated development stage. 2005-
2020 coupling degree of Hubei JFE system is between 0.4 and 0.5, and
the average relative level is 0.483, which is in the fly-down stage. The
coupling coordination degree increases with the increase of coupling
degree, and the average relative level is 0.722, and the overall is in the
intermediate coordination development stage, which indicates that
the overall level of coupling coordination degree of Hubei JFE system
is relatively low and the coordination development role is relatively
weak. It should start from the whole situation of the three systems
to further improve the level of coordinated development of the three
systems in Hubei Province.

Table 12: Education level-financial development-economic growth coupling coordination.

Education, Finance and Economics (JFE)
Year
R, D, Coupling phase Degree of coupling coordination

2005 0.4974 0.705 fly down Intermediate Coordination
2006 0412 0.646 fly down Primary Coordination
2007 0.4587 0.683 fly down Primary Coordination
2008 0.4601 0.688 fly down Primary Coordination
2009 0.4652 0.697 fly down Primary Coordination
2010 0.482 0.712 fly down Intermediate Coordination
2011 0.4845 0.718 fly down Intermediate Coordination
2012 0.4919 0.726 fly down Intermediate Coordination
2013 0.4961 0.733 fly down Intermediate Coordination
2014 0.498 0.738 fly down Intermediate Coordination
2015 0.4992 0.742 fly down Intermediate Coordination
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2016 0.4992 0.746 fly down Intermediate Coordination
2017 0.498 0.749 fly down Intermediate Coordination
2018 0.4961 0.753 fly down Intermediate Coordination
2019 0.4958 0.758 fly down Intermediate Coordination
2020 0.4975 0.764 fly down Intermediate Coordination

Analysis of GM (1,1) Gray Prediction Results: With the online
software SPSSAU, a gray GM (1,1) prediction model was used to fore-
cast the coupling coordination of the JFE system in Hubei Province
during 2021-2024. The first step is the level ratio test to determine
whether the data series has a suitable regularity and is suitable for
the model. The results are shown in Tables 13 below, and the values
of the cascade test are within [0.889, 1.125], indicating that this data
series is suitable for the GM (1,1) model. Table 13 Model-level ratios
of GM (1,1) in Hubei In the GM (1,1) model, the development coeffi-
cient a, the amount of gray effect b, and the posterior difference ratio
C value and the small error probability p value should be found re-

Table 13: Model-level ratios of GM (1,1) in Hubei Province.

spectively, and the p value and C value are usually considered in the
accuracy test of the prediction model. The results of the model con-
struction are shown in Table 14 below, with a small error probability
p-value of 0.938<0.95, implying that the accuracy of the model is up
to standard. The posterior test difference ratio C value of 0.0991<0.35
implies that the model has a high accuracy level. The prediction re-
sults of GM (1,1) model are shown in Table 15 below, the coupling
coordination of Hubei JFE system in 2021-2024 basically continues
the development trend of 2005-2020, and it is still in the intermediate
level of coordinated development in 3 years from 2021-2023 and will
basically achieve good coordination in 2024.

Year Original value Level ratio A Original value + translation conversion shift value (shift=0) The converted sum ratio A
2005 0.705 - 0.705 -
2006 0.646 1.091 0.646 1.091
2007 0.683 0.946 0.683 0.946
2008 0.688 0.993 0.688 0.993
2009 0.697 0.987 0.697 0.987
2010 0.712 0.979 0.712 0.979
2011 0.718 0.992 0.718 0.992
2012 0.726 0.989 0.726 0.989
2013 0.733 0.99 0.733 0.99
2014 0.738 0.993 0.738 0.993
2015 0.742 0.995 0.742 0.995
2016 0.746 0.995 0.746 0.995
2017 0.749 0.996 0.749 0.996
2018 0.753 0.995 0.753 0.99%5
2019 0.758 0.993 0.758 0.993
2020 0.764 0.992 0.764 0.992

Table 14: Results of GM (1,1) model construction in Hubei Province.

Development factor a Gray role volume b

Posterior test difference ratio C value

Small error probability p-value

-0.0096 0.6658

0.0991 0.938
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Table 15: Prediction results of GM (1,1) model in Hubei Province.

year Predicted value of coupling coordination Coupling coordination categories
2021 0.781 Intermediate Coordination
2022 0.788 Intermediate Coordination
2023 0.796 Intermediate Coordination
2024 0.804 Good coordination

Summary of Chapter

The changes in the coupling level of the three-system JFE system
are closely related to the coupling degree of the two-system JF JE, and
FE. after 2006, the two-system JF, JE, and FE have risen more steadily,
by which the three-system JFE coupling level rose from primary to
intermediate coordination development. However, there was a sig-
nificant decrease in the two-system JF JE, and FE coupling levels in
2006, causing a significant decrease in the three-system JFE coupling
coordination. In addition, the three-system JFE coupling level slowly
increased from 2005 to 2020, which maintained a basically consistent
change trend with the two-system JF and JE coupling. According to
the prediction results of GM (1,1) model, the overall coupling degree
and evolution rate are relatively low, and it will take a long time to
evolve into a high-quality and high-level coordinated development
stage that guarantees coordinated development. Overall, the coupling
level of the three systems will gradually rise in the future but the evo-
lution speed will not be too fast, and the positive feedback mechanism
of the three will gradually and slowly take shape, and thus form a vir-
tuous cycle of mutual promotion.

Conclusion and Recommendations
Research Findings

This paper conducts an empirical study on the relationship be-
tween the coordinated development of education, economy and fi-
nance in Hubei Province in order to analyze the integrated change
relationship among education, finance and economy and to explore
the dynamic characteristics of the evolution of the three subsystems.
The results of the study found that:

1. There is a strong correlation between economic development
and educational development, between economic development
and financial development, and between educational develop-
ment and financial development in Hubei Province.

2. The education-finance-economy correlation is inferior to
the finance-economy correlation and superior to the educa-
tion-economy and education-finance correlation.

3. Interms of the single system, although there are problems such
as insufficient development benefits and unreasonable devel-
opment structure among all three systems, the economic and
financial subsystems are better developed than the education
subsystem. This means that solving the lagging problem of ed-
ucation level at this stage is one of the keys to solve the coordi-
nated development of the 3 single systems in Hubei Province.

4. Interms of the two systems, education-finance, education-econ-
omy and finance- economy have been in a coordinated develop-
ment stage, but there are still some gaps in the development
level, and the education-economy system is temporarily lagging
behind. Convergence analysis shows that there is an obvious
trend of convergence in the degree of interactive coupling co-
ordination of the two systems in Hubei Province after 2006,
indicating that the gap has been gradually reduced in recent
years and the development structure of the three systems has
been gradually optimized to achieve rationalization and co-
ordination. That is, at present, improving the coordinated de-
velopment of education-economy in a more sustainable and
long-term way is one of the keys to solve the coordinated devel-
opment of the three two systems in Hubei Province.

5. In terms of the three systems, the education-finance-economy
coupling degree is between 0.4 and 0.5, which is at the stage of
mutual confrontation with the jerky down. The coupling coor-
dination degree is once again greater than 0.7 after 2010, enter-
ing the intermediate coordination development stage, but the
coordination level rises slowly. The forecast results of coupling
coordination degree show that the coupling coordination de-
gree of the three systems will rise slowly in the next four years
and will initially reach a good stage of coordinated development
by 2024. In summary, the correlation of the three systems is rel-
atively better than the two systems, i.e,, it is not enough to fo-
cus on the construction of the two systems, and promoting the
overall construction of the education-finance-economy system
is the ultimate goal. The current problem that needs to be solved
in Hubei Province is the current situation of lagging education
level. Improving the quality of education, and thus promoting
the long-term coordinated development of education-economy,
will finally achieve the effect that the development structure of
the three systems will be optimized and gradually rationalized
towards harmonization.

Research Recommendations

Based on the above findings, the following recommendations are
made to further promote the coordinated development of regional
education, finance and economy in China:

1. Promote the sound development of the three systems from the
internal governance of the two systems.

The degree of coupling and coordination of the three systems is close-
ly related to the degree of development of interactive coupling and co-
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ordination of the two systems. Therefore, in the future, China should
start from the internal governance of each two systems and increase
the coordination efforts from three aspects of education input, finan-
cial construction and economic transformation to promote the coor-
dinated development of each two systems, so as to provide a solid
guarantee for the benign development of the three systems.

2. Increase investment in education and focus on the quality of ed-
ucation and teaching If there is insufficient investment in edu-
cation, it will constrain the development of the education sector
to some extent. Therefore, compulsory education should be the
focus of investment in education, standardize education stan-
dards, raise awareness of reading for all, and increase support
for investment in education.

3. Accelerate the optimization and upgrading of education and
economic structures Over-emphasis on investment in education
does not fully promote economic development, but active and
effective investment in human capital is a key factor in promot-
ing China’s economic development. Therefore, it is necessary to
increase investment in education, especially higher education,
and accelerate the optimization and upgrading of the education-
al structure and economic structure, which is a necessary pre-
requisite for the sustainable development of our economy. At the
same time, integrated planning of financial construction and con-
tinuous improvement of the overall quality of the workforce is an
important way to promote sustainable economic development.

4. Increased financial regulation to improve investor participation
in financial markets Volatility in financial markets can have some
impact on economic growth, and the direction of the impact will
change with changes in the economic environment. Therefore,
banks should pay more attention to the volatility of financial
markets when formulating and implementing monetary policy,
especially in the case of significant changes in the economic envi-
ronment [1]. The development of the economy should be accom-
panied by integrated planning of both education input and finan-
cial construction, and the comprehensive use of administrative,
legal and economic means to promote the development of the
three in the direction of optimal coordination.
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