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ABSTRACT

The assessment of economic quality is of great significance in grasping the state of national economic
development at a macro level. This paper focuses on exploring the assessment methods of economic quality
and introducing deep learning models to improve the shortcomings of the traditional economic quality
assessment in the assessment process. The economic quality assessment system is constructed from five
dimensions, including economic vitality, and the MIV indicator values are improved by combining set-pair
analysis and generalized regression neural network, so as to realize the automatic screening of economic
quality evaluation indicators. According to the screening results of the indicators, the hierarchical analysis
method is used to assign weights to the indicators, and the comprehensive index of economic quality is
measured based on the results of the assignment.From 2012 to 2022, the economic quality of the 30
provinces in China shows an upward trend as a whole, and the comprehensive index of economic quality
in 2022 is 0.90, which is an increase of 52.54% compared with that in 2012. The assessment results are
consistent with the actual results, indicating that the method of this paper can eftectively complete the
measurement and assessment of the economic quality index, which is important for the study of economic
quality.

Keywords: deep learning, set-pair analysis, generalized regression neural network, MIV; economic quality
index

1. Introduction

Deep learning model is a computational model based on machine learning and artificial neural network,
which can simulate the neural network structure and learning mode of the human brain, and is used to
solve various complex data analysis and pattern recognition problems. The core of the deep learning model
is an artificial neural network, which consists of a series of neurons and the connections between them [ 1-
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47]. Each neuron receives the output of the neuron in the previous layer, weights and sums it and activates
it by a nonlinear function to obtain the output of the neuron in the current layer. This layer-stacked
structure enables neural networks to perform complex nonlinear modeling and data transformation [ 5-387.
Deep learning models have applications in computer vision, natural language processing and other fields,
and it is important to use them for the evaluation of economic quality index and statistical modeling [9-
117].

Economic quality refers to the overall health and sustainability of growth in economic development,
which includes several dimensions. It encompasses both the profitability of enterprises at the micro level
and the economic growth rate and quality of the whole country at the macro level [ 12-157. Specifically,
economic quality is reflected in the optimization of industrial structure, scientific and technological
progress, and the improvement of resource utilization efficiency in a country or region. And the economic
quality index is a collection of economic data or indicators to quantify and reflect the state, trend and
change of economic operation [ 16-197]. These indices can reflect economic activities in different fields and
levels, such as consumption, investment, production, etc. Through economic indices, people can understand
the overall status of the economy and determine whether the economy is in a state of growth, recession or
otherwise [20-237.

This paper abandons the traditional methods of economic quality assessment such as linear regression
and time series analysis, and constructs an economic quality assessment system from five dimensions:
economic vitality, innovative development, coordination and openness, green development and people's life.
Set-pair analysis is used to determine the grade evaluation criteria, calculate the correlation between
indicators and grades, and construct a generalized regression neural network model containing an output
layer, a pattern layer, a summation layer, and an output layer. The SPA-GRNN method improves the
problem of inaccurate calculation results caused by the positive and negative offsetting of variables in the
average impact value, and realizes the screening of indicators in the economic quality assessment system
in a more scientific and reasonable way. The hierarchical analysis method is used to assign weights to the
indicators of the final economic quality assessment system after the screening of indicators. The weight
value of each indicator is multiplied and accumulated with its normalized and normalized value, and then
the weight of each subsystem is multiplied and accumulated with the indicator value to calculate the
comprehensive index of economic quality, which is used for the assessment of economic quality. The
economic panel data of 30 provinces in China from 2012 to 2022 are selected as the object of empirical
research, and after the method of this paper is used for the steps of indicator screening and weight
assignment, the economic quality of 80 provinces in China from 2012 to 2022 is evaluated according to the
calculated economic quality composite index, which provides a reference for the scientific evaluation of the
economic quality while verifying the validity of the method of this paper.

2. Construction of economic quality evaluation index system

The economic quality index is an important indicator of the level of economic development of a country or
region. Traditional assessment methods mainly rely on statistical methods such as linear regression and
time series analysis. However, these methods have certain limitations when dealing with nonlinear, high-
dimensional and complex data. In recent years, deep learning technology has achieved remarkable results
in the fields of image recognition and natural language processing, providing a new perspective for the
evaluation of economic quality index. In this section, the economic quality evaluation index system is first
constructed initially, and then the screening method of evaluation indexes is constructed by using artificial
neural networks as well as the combination of set-pair analysis theory and generalized neural networks,
and the screening of indexes is automatically completed by deep learning technology, so as to improve the
accuracy of the evaluation of economic quality indexes.
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2.1.  Preliminary construction of the evaluation indicator system

2.1.1.  Indicator system. According to the deep understanding of the connotation of economic quality
(247 and the concept of economic development, on the basis of summarizing and collating the relevant
literature at home and abroad, the evaluation index system of economic quality is divided into five
dimensions: economic vitality, innovation and development, coordination and openness, green
development, and people's life, and the index system including 25 specific evaluation indexes is constructed,
and the results are shown in Table 1.



2106

LIU ET AL.

Table 1. Economic quality evaluation index system

and health agencies(X25)

Target Criterion layer Index layer Label quality
Per capita GDP(X1) Positive
Per capita GDP growth rate(X2) Positive
. Total retail sales of consumer goods(X3) Positive
Economic G | ublic budwet i
eneral public budget income per
vitality(I1) P & P Positive
person(X4)
Revenue of tax revenue covers the o
) ) Positive
proportion of fiscal income(X5)
The intensity of R&D funds of industrial o
. Positive
enterprises above scale(X6)
Education expenditure intensity(X7) Positive
Innovative Number of industrial enterprises above .
Positive
development(12) scale(X8)
Number of granted invention patents per .
Positive
10000 people(X9)
Technical market turnover ratio(X10) Positive
Urbanization rate(X11) Positive
The added value of the first production
industry accounts for the proportion of Negative
GDP(X12)
) ) The added value of the second production
Economic Coordinated ) . ) ] .
) ) industry accounts for the proportion of Positive
quality opening(13) GDP(X19)
The added value of the third production
industry accounts for the proportion of Positive
GDP(X14)
Department of foreign trade(X15) Positive
Unit output water consumption(X16) Negative
Construction zone greening coverage(X17) Positive
Green - - -
Per capita power consumption(X18) Negative
development(14) - - - —
Environmental expenditure ratio(X19) Positive
Life waste harmless treatment rate(X20) Positive
Proportion of per capita disposable income .
) Negative
of urban and rural residents(X21)
The number of people insured for every .
) Positive
10000 career insurance(X22)
) Number of ordinary college graduates per .
People's life(15) Positive
10000 people(X23)
Number of medical institutions per 10,000 .
o Positive
medical institutions(X24)
Number of technicians per 10,000 medical .
Positive

2.1.2.  Interpretation of indicators:

1) Economic vitality indicators. Economic vitality can reflect the potential of economic development, and

to a certain extent represents the potential power of future economic development. GDP per capita can

visualize the development strength of a region. The growth rate of GDP per capita can represent the speed
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of economic strength. Consumption has a certain role in boosting regional economic development, and the
total retail sales of consumer goods can visualize the consumption ability and consumption level of
residents. Per capita general public budget income can reflect the amount of fiscal revenue. The proportion
of tax revenue in local fiscal revenue can reflect the economic trend.

2) Innovation and Development Indicators. Innovation is the first driving force to lead development, and
a higher level of innovation can effectively promote the scale and modernization of economic development,
thus improving the efficiency of economic development. The R&D investment intensity of industrial
enterprises above large scale indicates how much of the GDP is invested in innovation. The intensity of
education expenditure is expressed as the ratio of education expenditure to general government financial
expenditure. The number of industrial enterprise units above large scale reflects the potential capacity to
carry out innovation. The number of invention patents granted per 10,000 people can specifically measure
innovation output. Technology market turnover can reflect innovation output and is expressed by the ratio
of technology market turnover to GDP.

3) Coordination and Openness Indicators. Coordination focuses on the coordination of development as well
as the rationality of industrial structure, and openness is the link that must be passed to realize the
improvement of development quality. The urbanization rate is expressed as the ratio of urban population
to total population. A rational industrial structure is crucial to the improvement of development quality; a
high proportion of primary industry is not conducive to economic development. A higher proportion of
value-added of secondary and tertiary industries can reflect the frontier of social development. The
coefficient of foreign trade can indicate the size of the level of openness, which is expressed by the ratio of
the total amount of import and export to the GDP.

4) Green Development Indicators. Green development is a necessary condition for sustainability. Green
development is to harmonize the economy and society with nature, and it is an inevitable requirement to
accelerate the transformation of the mode of economic development. Water consumption per unit of output
is expressed in terms of total water consumption over GDP, which can reflect the efficiency of resource
utilization and the degree of resource conservation. The greening coverage rate of built-up areas can
represent the degree of greening in a region. Per capita electricity consumption is expressed in terms of
total electricity consumption over total population. The rate of harmless treatment of domestic waste can
show the degree of implementation of green development. The ratio of environmental expenditure is
expressed as the ratio of environmental expenditure to GDP, and the size of the ratio indicates the degree
of importance attached to the green development of the economy in the region.

5) People's living indicators. Improving the living standards and quality of life of the population is a key
and indispensable step in upgrading the quality of economic development, and the ratio of disposable
income per capita for urban and rural residents reflects the income gap in a region. The number of
unemployment insurance participants per 10,000 people can reflect the social security situation in a region.
The number of general college graduates per 10,000 people can reflect the educational level of a region.
The number of beds in medical institutions per 10,000 people and the number of technical staft in medical
and health institutions per 10,000 people can reflect the level of medical care and the level of livelihood
protection.

2.2.  Methodology for screening economic quality evaluation indicators

2.2.1.  Artificial Neural Network Average Impact Value Screening Algorithm. The principle of using
artificial neural network to realize indicator screening is, first of all, to use neural network to realize linear
or non-linear fitting between input value and output value, and then use the principle of sensitivity analysis
of uncertainty to observe the degree of change of output value caused by the change of input value, so that
different indicators can be ranked according to the degree of influence of the degree of importance of
different indicators.

Although the traditional artificial neural network algorithm to achieve indicator screening can achieve
arbitrary accuracy of linear or nonlinear fitting, but its use in the economic quality evaluation system
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indicator screening there are the following problems: first, there must be input and output data, there is no
output indicators, the traditional artificial neural network algorithm can not achieve indicator screening.
Second, the Mean Impact Value (MIV) indicator [257 has its own defects, and the problem of positive and
negative offsetting of variables may lead to inaccurate results in judging the importance of indicators using
the calculated MIV value.

2.2.2.  Mean value influence algorithm combining set-pair analysis and generalized neural networks.
Aiming at the problems of artificial neural network mean value influence algorithm in indicator screening,
especially the problems of the mean influence value itself in indicator screening, this section adopts the set
pair analysis theory combined with generalized neural network to improve the calculation method of MIV
indicators to ensure the scientificity and rationality of indicator screening.
1) Set-pair analysis (SPA). Set-pair analysis theory is used to systematically deal with the problem of
certainty and uncertainty, to study the uncertainty between two sets from the three aspects of sameness,
opposites and difterences, to mine the relevant information and discover the potential law [267. Set-pair
analysis is divided into four steps: the first step is to determine the rating evaluation criteria. The second
step is to calculate the correlation between indicators and grades. In the third step, the evaluation grade of
the indicator is determined according to the maximum value of the correlation degree. In the fourth step,
the evaluation results are mapped to assign values.

Step 1: Evaluation reference standard

Assuming that the time series data for an indicator C, is C;,--+,C}, the indicator needs to be classified

into N levels and placed in axis [Ckl’ckm] with the following steps:

(a) Calculate the interval length

The interval length is the total length of the interval of the entire time series data. From the perspective
of mathematical concepts to understand, it is the difference between the maximum value and the minimum
value, that is, the formula (1):

L, =maxC, —minC, (1)

(b) Calculate the average interval
The interval average interval is the length of each segment that divides the total length of the interval
into N segment equally, i.e., Equation (2):

K _ L, _ maxc, —ming,
“ N N

(2)

(c) Calculation of the upper and lower intervals
According to the principle of interval, the upper bound of each interval is the lower bound of the previous
interval, and the coordinates should be equal, the lower bound is equal to the sum of the upper bound and

the average interval K,, the first interval upper bound C:l that is, Ck1 is equal to minC, | and the

X’
lower bound C)I(1 that is, Cy, is equal to MINC, +K_ . In the second interval, the upper bound of C;Z
thatis, Cy isequalto MINC, +K , and the lower bound of C)I(2 thatis, Cy isequalto minC, +2K .
Thus, the formula for the 1 th interval is (3):

C, =[Cy.C,,)=[minC, +(i-DK,,minC, +iK,) (3)

As shown in equation (3), the upper bound Ck1 of each indicator time series is its minimum value, and

the lower bound Ckm Is its maximum value, and the data on other time series are within this interval.

Because this paper wants to use the set-pair analysis in combination with the neural network average

impact value algorithm, it is necessary to expand the indicator intervals [O'Ckl) and [Cknﬂ’l'SCkm) to
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do sensitivity analysis. The method described in the previous section is based only on the structure of the

data itself, and does not rely on external criteria to better reflect the relative level of the data.
Step 2: Set pairs and correlations

A set pair is two sets with certain connections, such as set & and set B forming set pair A=(a,f).

In the context of Problem B, the characteristics of set pair A are analyzed to calculate the degree of
congruence, the degree of difference, and the degree of opposition, and then the degree of association is

calculated comprehensively to represent the uncertainty relationship between sets @ and . In this

paper, the following formula is used to calculate the degree of association between each indicator and each

rank u(w).

The formula for calculating the degree of association between each interval and rank I:

u(w), =

u(w), =

(W), =

C Ck1 —C,

<, . 2c, - ¢,

-1
S, C, —Cy y 2¢, —¢, —C,
Ck2 Ckz Ckz Ckl
1
G, &G 2C, —C, —Cy
Cy C, Ck3 - Ck4
-1

-1
¢, G, —C 2c,-¢ —C
—+ X
Ck3 Ck3 CkS - Ckz

1
G, GG, y 2¢, —¢, —C,
C, C, C, —C,

C.€|0.C,)

C.e[C,.C.)

The formula for the correlation between each interval and rank I'V:
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-1 c.e[oc,)
c € —-Cc,  2c,—-C —C
x oy ky X X ky ks Cx c I:Ck3 ’ CkA )
C,, C, ¢, —Cy,
(W), = 1 C.elc,.C.) (7)
c ¢-c 2c —-c —cC
Sy Texr % ¢ oelc,.C,)
Cy Cy Ck5 _Cke
-1 C.e[C,.+)

-1 c.el0.c,)
¢, —C 2¢,—C —C
;:T:Jr kSCks X Ck5 _ka4 X C, e I:Ck4’Ck5)
p(W); = 1 C.e|cy.c,) ()
¢, € —C  5¢ —A4c,
C—k:+ 3 e ka6 C.€[C, .1.5C, )
-1 C, e[1.5C, ,+)

Step 3: Determine evaluation results
(a) Subsystem evaluation results
Substituting the original value C, of each indicator into equations (+) to (8), the correlation between

the indicator value C, and each grade and the correlation between each grade can be derived, and the

correlation between each subsystem and each grade can be expressed by equation (9):

n
), =23 1 (w), o)
N
Among them: s=12345
The correlation between the calculated indicator values and each level is ranked, and the evaluation level
corresponding to the maximum value is taken as the evaluation level of the indicator.
(b) Evaluation results of economic quality level
The economic quality development level can be obtained by summing the correlation between each
subsystem and each grade separately, and the comprehensive correlation can be expressed by formula (10):
1 I n
), =53 (), (10
i=1 K=1
Where: | is the number of subsystems; S =12,3,4,5.
The correlation value of the derived levels is compared, and the maximum value is the evaluation level
in which the level of economic quality development is located.
Step 4: Evaluation results mapping assignment
Corresponding to the evaluation criteria, if the result obtained from the economic quality evaluation is
more than just a grade, it is necessary to quantity the evaluation results and convert them into a score
between 0 and 100. The steps are as follows:
(a) Axis transformation. The boundaries of the original time series coordinate system are only related to
the minimum and maximum values of the indicators themselves. Due to the difference in order of
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magnitude between the evaluation indicators, different indicators have different coordinate systems, thus
leading to the final evaluation results can only be expressed as a grade. In order to unity the coordinate
system of diftferent indicators, it is necessary to convert the coordinate system of the original indicators to
the coordinate system of [0,1007, as shown in Figure 1.

Original coordinate system

0 Ckl Ck2 Ck3 Ck4 Ck5 Cké6 100
|

0 Ul U2 U3 U4 Us U6 100

| ]
I 1

New coordinate system

Fig. 1. Transformation of coordinate axes

(b) Quantitative assignment of interval bounding. If the indicator value is divided into 5 levels, sensitivity
analysis needs to expand an interval on both sides of the minimum and maximum values, then the original
time series indicator data coordinate system has 7 intervals, and the conversion needs to be placed in the 7
intervals in the new coordinate system with a length of 100, and the average distribution will obviously
result in the length of the intervals to take the approximation of the length of the interval and thus increase
the measurement error. Since the first and the last intervals are expansion intervals for sensitivity analysis,
the length of the intervals should be relatively large, and the length of the intervals between the other 5
levels should be distributed evenly, in order to achieve the purpose of the top interval being large, the
length of the intermediate intervals being equal, and the reduction of the error, the lengths of the top

intervals [O,Ckl) and [C,<6 ’1'5Cke] are set to be 15 and 20, and the lengths of the 5 levels are set to be

13, and the total length of the intervals in the new coordinate system is 100. The correspondence between
the boundaries of the intervals of the old and new coordinate systems is shown in Table 2.

Table 2. Index screening scoring table

O“gisn;sl Joordinate Original interval length New coordinate system New interval length
[0.C,) C, [0,15) 5
[C..C.) C.,—Cy, [15,28) I3
[C..C.) C. -C, [28,41) 9
[C..C.) C, -C, [41,54) 9
[C..C.) C. -C, [54,67) 5
[C..C.) C, -C, [67,80) 9

[C, .15C, ) 05C, [80,100] 20

(c) Quantitative treatment of evaluation results. Assuming that the evaluation result 1(W) of an
indicator corresponds to the evaluation grade [, then #(W) can be regarded as the probability that the
indicator is associated with grade [, or the proportion of the length corresponding to the correlation
between the indicator and grade [ to the total length of the interval of grade [, and the coordinates

corresponding to the indicator in the new coordinate system can be obtained by placing this probability in
the new coordinate system, and the transformation is shown in Fig. 2.
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CI(i+1
[ | |
U. (W) U

i+1
Fig. 2. The position of the correlation in the new coordinates

According to Figure 2, the position of the correlation in the new coordinate system can be determined

by Equation (11):
Xi”(W)=Ui+@x(Ui+l—Ui) (11)

2) Generalized regression neural network (GRNN). A generalized neural network is an artificial neural
network that uses a radial basis function as a functional function [277]. Most of all, it is a special form of
radial basis neural network, which has a strong flexible structure, better nonlinear approximation ability
and high fault tolerance and robustness, which is very suitable for solving nonlinear problems. At the same
time, the generalized regression neural network has faster learning speed and stronger approximation
ability than the radial-based neural network, and finally converges on the optimized regression surface
with a larger aggregation of samples, so that it can have a good prediction effect even in the case of less
sample data or unstable data. This subsection will introduce the generalized regression neural network
algorithm, the determination of the smooth factor and the structure of the generalized regression neural
network in three parts.

Part I: Generalized regression neural network algorithm

The algorithmic theory of generalized regression neural networks is based on nonlinear regression
analysis, if the joint probability density of the two random variables X and Y isassumed tobe "% Y)
and the observation of X is known to be "0, then the regression of Y with respect to the random
variable X can be expressed as:

i [” vt (% y)ay
[* £ (x.y)ay

where y(xo) is the predicted value Y iftheinputis X;.If the Parzen nonparametric estimation method

E(yI%)=(x%) (12)

is applied, it is possible to estimate the density function f (XO, Y) using the sample data set {Xi, Y, }::1 in
the form of (13):

n

1 - %) A—d (%o, %
f (XO’ y):—p;lam Ze 4% %) g=d(% %) (1)
n@z) 2

Where: d(x(,,xi):zp“[(xOj —xij)/oT,d(y, v)=[y-vT.

i=1
where N is the sample size, P is the dimension of the random variable X, and & is the smoothing
factor, i.e., the standard deviation of the Gaussian function, which is obtained by substitution:

i(ed(xovxl)'[j: yed(yov)'i)dy)
y(Xo) =4 T
Z(e_d(xmxo)jw e_d(YO')ﬁ)dy)

i=1

It is known that I “xe ™ dx = 0, from which the simplification follows:
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—d(Yo.Y;)

ye

y(%)="F— (15)
e_d(xﬂ‘xi)

i-1
This is the predicted value of Y if the inputis X,.
From the predicted value formula, it can be seen that the numerator is the weighted sum of Yy; obtained

from all samples, where the value of weight is @™9%%). It is also worthwhile to pay attention to the value

of the smoothing factor O, because the generalized regression neural network does not need to be trained,
so the value of this value has a great impact on the performance of the network itself, and in the practical
use of the network does not need to change the value of the weights of the connection of each neuron, but
only need to seek the optimal value of the smooth factor in order to find the optimal model. In general, it

the value of O is very large, then d (XO, Xi) tends to 0, and the predicted value y(xo) is approximately
equal to the mean value of all the sample explanatory variables; if the value of O tends to 0, then the

predicted value y(xo) will be very close to the sample value, but if the input of non-sample values, the

predicted value y(xo) will be much difterent, which is known as the phenomenon of over-learning.

Part II: Determination of Smoothing Factor

As can be seen from the above, the generalized regression neural network does not need to be trained,
but only needs to be adjusted by the value of the smooth factor O to achieve the change of the connection
weight between the neurons in the network and thus optimize the network. The method of selecting the

smooth factor, that is, the increment of the smooth factor Ao in the range of (O'min,O'maX) sequential

incremental changes in the learning samples to remove a few groups of samples, to be determined to
determine the smooth factor after the use of these groups of samples removed from the prediction, and then
derive the predicted value of the group of samples and the sequence of error between the samples and the
error columns calculated the mean squared deviation:

1T, 2
E==2[5:(x)-v] (1e)
i-1
When used as an evaluation metric for the performance of a generalized regression neural network, the

smaller the value of the mean square error E, the better the performance of the network. In practical
applications, the root mean square error is also often used as an evaluation metric for the network, i.e:

RMSE:J%Z‘[yi(Xi)_yiT (17)

Part III: Structure of Generalized Regression Neural Networks

Generalized regression neural network as a special form of radial basis neural network, and therefore
has some similarities with it in terms of neurons. Its network consists of a total of four layers, which are,
in order, the input layer, the pattern layer, the summation layer, and the output layer. The number of
neurons in the input layer and the number of neurons in the pattern layer are equal to the input sample
vector.

The input layer is the sample input layer, the dimension of the input vector in the learning sample is the
number of neurons in the network, and each neuron is a simple distribution unit, and the transfer function
is a simple linear function, which directly transfers the input variables to the second layer of the network,
L.e., the pattern layer.

The neurons in the pattern layer are radial basis neurons, the number of which is equal to the learning
samples, and each radial basis neuron corresponds to a different sample. The transfer function of the radial
basis neuron is:
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(18)

O

(X_Xi)T(x—Xi)}=1,2,...,n

where X 1is the input variable of the generalized regression neural network and X; is the sample
corresponding to the ird neuron. Usually, the output of a neuron is equal to the exponent of the square of
the Euclidean distance between the input variable and the corresponding sample.

In the third summation layer of the generalized regression neural network, there are two types of
neurons to be summed.

The formula for the first type is:

20°

iznl:exp[(x_xi)T(x_xi)] (19)

This type allows arithmetic summation of neuron outputs from all pattern layers. In this type, the
connection weight between the pattern layer and the individual neurons is 1 and the transfer function is:

So= 2P (20)

The formula for the second type is:

iZ::Yi eXp{(X_Xi)T gx_xi)} (21)

20

This type allows weighted summation of the neuron outputs of all pattern layers. In this type, the weight
value of the connection between the ist neuron in the pattern layer and the ] nd molecular summation

neuron in the summation layer is the J th element in the ird output sample Y; with the transfer function:

Sy=2 Y;Pi=12..k (22)
i=1

The number of neurons in the output layer is equal to the dimension Kk of the output vector in the
learning sample, and each neuron divides the output of the summation layer, and the output of neuron }

sums up to the J th element in the corresponding estimation result Y =(X) with the following formula:

— SNJ i
y,=—1=12,...k (23)
Sp

3) Improvement of MIV index. For the value of MIV may be due to the problem of positive and negative
impact values offset each other causing distortion in the calculation of the degree of influence, this paper
changed to use the distance formula to calculate the degree of influence; for the problem of the input
variables changing too much at one time this paper adopts a combination of the two degrees of change to
solve the problem. According to the principle of MIV index, the traditional MIV formula can be written
as:

(vit=y)+(v*-y)
2

(24)

MIV,, =

Where: Yi* represents the value of indicator i after a 10% increase and Y° represents the value of
indicator 1 after a 10% decrease.
After the improvement, the formula for MIV can be written as:
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M1V = \/(yio'9 - )2 +(yi0'95 - Y)2 +(yi1'°5 - y)2 -|-(yil'05 - y)2

- (25)
_ \/2( yi0.9+0.05k _ y)

k=0

2.8.  Methodology for determining weights

Usually, studies can use subjective, objective and a combination of both methods to determine the weights
of indicators. In this paper, the hierarchical analysis method is chosen to determine the weights of the
indicators, which has the dual advantages of combining subjective and objective, and integrating qualitative
and quantitative, and is thus more systematic and relatively wider in scope of application. This method is
in line with the logic of human decision-making, namely, decomposition, judgment and synthesis,
decomposition of decision-making goals layer by layer, comparison of the decision-making elements of each
layer of goals, and then according to the relative importance of the elements of the total ranking. In practice,
the hierarchical analysis method needs to be carried out in five steps, i.e.: decomposition of the target level,
construction of two-by-two judgment matrix, consistency test, hierarchical single ranking, and hierarchical
total ranking.

The standard deviation S; of each indicator is used to express the degree of influence on the evaluation

results, and the judgment matrix B= (bij)nxn of the weights of each evaluation indicator can be obtained
according to formula (26):

5, -,
(b, -D+18, 25,

b..:

N <5 (26)
SS b —41
Smax_Smin

Where S, is the maximum value of the standard deviation S; of each indicator and S;, is the

X

minimum value of the standard deviation S; of each indicator. Relative importance degree parameter

b, =min[9,int(S, ., / S, +0.5)], min is to take the function, int is to take the integer.

The judgment matrix constructed by Eq. (26) does not necessarily satisty the needs, so it is necessary to
conduct a consistency test, which is usually carried out by calculating the consistency ratio, i.e., CR. When
CR is less than 0.01, it indicates that the inconsistency of the judgment matrix is within an acceptable
range, otherwise it is not possible to use this judgment matrix to determine the weights of the indicators,
but to correct the judgment matrix. The formula for CR is as follows, where the value of Rl can be
obtained according to the lookup table:

Cl
CR=— 27
Rl (27)
Amax — N
Cl = 72— 28
— (28)
If the judgment matrix constructed through Eq. (28) has consistency, then its largest eigenvalue A,
corresponds to an eigenvector of W = (W, ,Wn)T , then bij =W /Wj , W, are the weights of each
indicator.

2.4.  Calculation of the EQI

After the steps of indicator screening and weight determination, the preliminary construction of the

economic quality evaluation index system is formed, and the weight value W, of each indicator is
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multiplied with its normalized and normalized value C;i to get the weighted evaluation value, and then
the evaluation value of each subsystem is accumulated to get the evaluation value Y;, as shown in Equation

(29). Then multiply the weight value W, of each subsystem with the indicator value Y; and add them up

to get the comprehensive index of economic quality Z , as shown in formula (30), and the larger the value,
the higher the economic quality.

Y, =2 wxC, (29)
i=1

7= ij ij (80)
j=2

3. EQI assessment

3.1.  Sample Selection and Data Sources

Due to the seriousness of some missing data, 30 provinces in China (excluding Tibet, Hong Kong, Macao
and Taiwan) are selected for this paper, and the economic data of each province from 2012 to 2022 are used
as the raw data for the study. The relevant data come from the China Statistical Yearbook, China Science
and Technology Statistical Yearbook, and China Environmental Statistical Yearbook for the years 2013-
2023. Table 3 shows the raw data of the economic quality assessment index system of 30 provinces from
2012 to 2022.
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Table 3. The original data of the evaluation index system
Inde
2012 20138 2014 2015 2016 2017 2018 2019 2020 2021 2022
x layer
X1 3.58 3.89 4.57 4.83 4.92 4,98 5.03 4,87 4.81 4.86 5.17
43.7 44.8 45.7 46.8 47.9 53.2
X2 54.83 55.91 53.28 52.17 54.56
1 6 3 2 1 6
11.8 16.2 17.3 18.2
X3 8.79 8.82 19.38 20.07 19.24 19.15 20.14
8 5 6 9
X4 4.64 4.83 5.36 5.57 6.03 7.06 7.84 7.97 7.01 6.89 7.14
32.7 33.8 35.9 37.8 42.7 45.8
X5 48.74 49.28 45.58 44.23 46.78
4 2 3 9 1 6
X6 1.63 2.84 3.57 4.36 5.45 6.98 8.24 9.87 11.36 15.48 19.83
X7 1.27 1.36 2.71 3.84 5.93 8.47 9.79 9.98 12.34 15.38 17.29
X8 126 238 354 487 692 794 1023 1149 1358 1634 2058
X9 1.54 1.87 1.96 2.83 3.26 5.48 6.73 8.36 10.28 12.43 15.86
20.3 21.1 23.2 25.9 28.4 32.8
X10 35.96 37.28 42.57 48.95 53.28
6 7 8 6 7 3
32.7 35.4 39.6 42.3 47.8 51.3
X11 52.38 55.49 62.47 66.82 71.43
4 8 3 1 9 2
21.8 22.4 23.9 25.8 27.5 29.8
X12 32.76 38.88 36.21 35.89 37.43
2 8 6 3 8 7
25.9 31.2 33.7 36.5 38.4 42.3
X13 49.83 52.14 48.17 46.53 45.34
8 6 3 7 9 8
10.0 11.2 12.8 12.9 13.4 15.7
X 14 18.39 23.89 26.78 31.86 37.938
8 5 4 8 9 4
X156 0.98 1.74 1.88 2.056 2.17 2.48 2.86 3.04 3.11 3.37 3.84
X16 3.29 4.38 5.64 7.83 9.86 7.61 6.32 6.17 5.94 5.36 4.87
20.0 21.8 22.5 23.6 25.7 28.8
X17 32.44 38.98 40.28 44.36 50.87
5 4 7 8 9 7
X18 1.98 3.86 4.73 5.87 7.45 8.36 9.98 10.89 13.28 15.73 18.94
17.5 18.4 20.3 22.8 25.8 28.7
X19 3474 36.87 39.96 42.83 45.71
3 9 7 4 6 9
19.3 20.5 24.3 26.7 28.4 31.5
X20 36.48 39.86 43.72 45.48 49.64
8 4 9 3 9 3
14.3 17.6 18.4 19.4 22.4 25.7
X21 28.49 31.88 32.49 35.74 38.59
2 9 7 8 3 6
11.2 12.3 13.4 16.9 18.3 19.2
X22 20.04% 21.41 26.79 27.83 28.39
9 6 4 3 4 3
X 53.2 59.4 64.8 72.8 83.9 92.0 103.8 107.8 115.4 126.4 130.5
23
8 3 4 1 5 7 3 9 3 7 1
X 24 5.34 5.78 6.93 7.17 7.42 8.34 8.65 9.01 9.42 9.79 10.04
X25 4.32 447 5.01 5.28 b5.47 5.93 6.42 6.73 7.48 8.36 10.58

3.2.  Indicator screening

3.2.1 Data pre-processing. Before analyzing the data, it is necessary to standardize the data in order to

avoid the impact on the screening of indicators due to the differences in the scale between indicators. In
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this paper, the extreme value method is used to process the preliminary selection of indicators to ensure
the consistency of indicator types.
Positive indicators are those for which the larger the value, the better the quality of the economy, and
the same applies to negative indicators. Let Pi be the standardized value of indicator | in year J and
i be the observed value of indicator | in year J'. All indicators are standardized according to the
tormula. The results of the standardized data in Table 3 are shown in Table 4.
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Table 4. Standardized data

< llar;ii 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

X1 0.58 0.52 0.24 0.61 0.63 0.40 0.02 0.27 0.27 0.81 0.72
2 3 1 7 0 9 9 4 6 6 £l

X9 0.54 0.04 0.57 0.84 0.84 0.13 0.04 0.15 0.61 0.57 0.20
2 8 6 5 6 1 4 2 9 2 0

X3 0.43 0.00 0.34 0.90 0.73 0.60 0.81 0.01 0.16 0.32 0.24
5 4 5 1 8 8 2 5 5 3 3

X4 0.95 0.48 0.07 0.56 0.84 0.75 0.99 0.72 0.68 0.07 0.27
4 3 8] 0 5 5 9 3 7 7 9

X5 0.02 0.38 0.09 0.36 0.83 0.86 0.06 0.62 0.54 0.70 0.38
2 0 2 6 2 9 4 5 0 9 6

X6 0.86 0.24 0.75 0.32 0.68 0.06 0.93 0.45 0.39 0.58 0.66
0 4 2 9 0 5 4 5 0 9 7

X7 0.06 0.30 0.60 0.34 0.90 0.49 0.41 0.29 0.52 0.45 0.30
3 2 7 5 1 6 8 2 3 5 9

X8 0.05 0.91 0.97 0.93 0.63 0.60 0.43 0.84 0.55 0.05 0.85
9] 9] 2 % 9 0 2 7 0 9 2

X9 0.54 0.95 0.94 0.02 0.75 0.16 0.75 0.47 0.38 0.54 0.86
2 3 1 9 0 1 0 1 1 8 3

X10 0.28 0.72 0.80 0.35 0.07 0.58 0.78 0.53 0.75 0.25 0.09
9] 6 5 5 8 9 7 3 2 4 2

X11 0.33 0.27 0.82 0.96 0.33 0.65 0.20 0.11 0.08 0.76 0.78
3 2 3 % 9 0 6 8 4 5 2

X12 0.29 0.06 0.66 0.80 0.84 0.48 0.87 0.52 0.27 0.17 0.85
1 2 9 5 % 6 2 5 6 1 1

X13 0.21 0.25 0.93 0.01 0.90 0.02 0.25 0.70 0.42 0.69 0.81
1 2 5 % 6 5 3 2 5 0 2

X14 0.29 0.18 0.08 0.95 0.80 0.24 0.83 0.93 0.41 0.75 0.23
3 1 6 6 9 9 0 0 9 7

X15 0.83 0.17 0.69 0.21 0.88 0.92 0.32 0.87 0.25 0.28 0.80
2 0 3 4 7 7 0 2 7 5 1

X16 0.96 0.25 0.32 0.69 0.58 0.07 0.41 0.87 0.42 0.98 0.15
3 7 5 3 6 9 2 9 8 3 5

X17 0.18 0.51 0.00 0.36 0.21 0.34 0.94 0.15 0.24 0.14 0.85
5 9 1 1 7 1 4 5 2 1 0

X1 0.26 0.02 0.94 0.24 0.93 0.21 0.24 0.60 0.69 0.17 0.39
0 9 9 0 2 4 2 8 8 2 9

X19 0.71 0.65 0.85 0.04 0.13 0.29 0.31 0.30 0.61 0.62 0.87
2 3 6 2 7 1 2 4 6 7 4

X920 0.60 0.06 0.38 0.56 0.96 0.63 0.67 0.37 0.11 0.81 0.17
5 1 0 9 0 2 9 1 3 2 0

Xo1 0.50 0.58 0.86 0.30 0.37 0.94 0.69 0.28 0.44 0.08 0.76
9 4 2 0 0 5 8 8 5 2 5

X992 0.14 0.51 0.89 0.50 0.55 0.29 0.63 0.62 0.21 0.88 0.79
7 3 9 4 1 4 9 9 5 9 8

X3 0.86 0.29 0.90 0.43 0.30 0.33 0.81 0.17 0.93 0.14 0.08
7 4 8 5 6 3 2 4 5 5 0

Xo4 0.19 0.76 0.42 0.02 0.72 0.85 0.72 0.89 0.42 0.73 0.34
1 8 (0] 5 4 2 7 3 8 5 2

X95 0.18 0.84 0.19 0.13 0.92 0.33 0.66 0.7% 0.32 0.27 0.99
3 3 9 3 5 9 5 8 9 0 5

3.2.2 SPA-GRNN indicator screening. According to the principle of SPA-GRNN in the previous section,
MATLABR software programming was used to realize the SPA-GRNN indicator screening function.

Table 5 shows the results of SPA-GRNN method indicator screening.

Table 5. Index selected results by SPA-GRNN method
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Characteristic MIV absolute ) )
Index layer MIV Proportion(%) Ranking
layer value
X1 0.0413 0.0413 22.59 3
X2 0.0467 0.0467 25.55 2
Economic vitality X3 0.0238 0.0238 13.02 4
X4 0.0583 0.0583 31.89 1
X5 0.0127 0.0127 6.95 5
X6 0.0052 0.0052 2.78 5
. X7 0.0382 0.0382 20.38 3
Innovative
X8 0.0214 0.0214 11.42 4
development
X9 0.0597 0.05697 31.86 2
X10 0.0629 0.0629 33.56 1
X11 0.0247 0.0247 14.38 5
. X12 -0.0312 0.0312 18.16 2
Coordinated
. X138 0.0253 0.0253 14.73 4
opening
X14 0.0617 0.0617 35.91 1
X15 0.0289 0.0289 16.82 3
X16 -0.0014 0.0014 0.73 5
X17 0.0732 0.0732 37.89 2
Green
X18 -0.0786 0.0786 40.68 1
development
X19 0.0103 0.0103 5.33 £l
X20 0.0297 0.0297 15.87 3
X21 -0.0603 0.0603 30.75 2
X22 0.0088 0.0088 4.49 5
People's life X238 0.0211 0.0211 10.76 3
X 24 0.0242 0.0242 12.34 4
X25 0.0817 0.0817 41.66 1

Considering the total number of indicators of the economic quality evaluation system, the homogeneity
of the evaluation indicator system, and the threshold of the cumulative contribution of the MIV value of
more than 80%, the first four indicators were selected as the final result of the “economic vitality” dimension,
with a cumulative contribution rate of 88.48%. The original five indicators were selected as the final result
for the “innovation and development dimension”, with a cumulative contribution of 100 per cent. The first
four indicators were selected as the final result for the “harmonization and openness” dimension, with a
cumulative contribution of 81.80%. The first four indicators were selected as the final result for the “green
development” dimension, with a cumulative contribution of 80.36%. The original five indicators were
selected as the final result for the “People's lives” dimension, with a cumulative contribution of 100 per
cent. The final economic quality assessment system was established after screening using the SPA-GRNN
method as shown in Table 6. The final obtained indicator system contains 5 levels and 22 indicators.

Table 6. Economic quality assessment index system

Target Criterion layer Index layer Label quality
X1 Positive
o X2 Positive
Economic vitality —
X3 Positive
Economic quality X4 Positive
X6 Positive
Innovative development X7 Positive

X8 Positive
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X9 Positive

X10 Positive

X11 Positive

) ) X12 Negative
Coordinated opening ..

X13 Positive

X14 Positive

X16 Negative

Green development X7 POSIU.W

X18 Negative

X19 Positive

X21 Negative

X22 Positive

People's life X23 Positive

X 24 Positive

X25 Positive

3.8.  Indicator empowerment

According to the principle and steps of analytic hierarchy process, each index at each level is assigned value,
and finally the economic quality evaluation index system and weights of 30 provinces and cities in China
are obtained, as shown in Table 7. It can be seen that in the whole economic quality assessment system,
the highest weight of the "people's life" level is 0.46, and the lowest weight of the "coordination and
openness" level is 0.06. Among the weights of each index, the highest weight of the indicator of "per capita
general public budget revenue (X4)" under the level of "economic vitality" is 0.45, and the weight of the
indicator of "per capita GDP growth rate (X2)" is the lowest at 0.05. Under "Innovation and Development",
the highest weight of "R&D investment intensity of industrial enterprises above designated size (X6)" is
0.29, and the lowest weight of "Number of Invention Patents Granted per 10,000 People (X9)" is 0.08. At
the level of "coordination and opening-up", the highest weight of the indicator of "proportion of added
value of primary industry to GDP (X12)" was 0.51, and the lowest weight of "proportion of added value of
secondary industry to GDP (X13)" was 0.03. The highest weight of "green coverage rate of built-up area
(X17)" was 0.29 at the level of "green development", while the weight of "water consumption per unit of
output (X16)" was the lowest at 0.19. At the level of "people's livelihood", the highest weight of "per capita
disposable income ratio of urban and rural residents" was 0.41, and the lowest weight of "number of people
insured by business insurance per 10,000 people" was 0.04.

Table 7. Index system and weight of economic quality assessment

Criterion layer Weighting Index layer Weighting
X1 0.08
Economic vitality 0.27 X2 005
X3 0.43
X4 0.45
X6 0.29
X7 0.19
Innovative development 0.08 X8 0.23
X9 0.08
X10 0.21
X11 0.12
Coordinated opening 0.06 X12 0.51
X138 0.03
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X14 0.35

X16 0.19

Green development 0.13 X17 0.29
X18 0.27

X19 0.25

X21 0.41

X22 0.04

People's life 0.46 X23 0.90
X24 0.19

X25 0.07

3.4. EQA results and analysis

Based on the results of the weights of the indicators in the economic quality assessment system of 30
provinces in China, the quality level index of each indicator in the economic quality assessment system can
be obtained. Figure 3 shows the changes of the index of each indicator in the economic quality assessment
system from 2012 to 2022. From the figure, it can be seen that although the economic quality index of each
indicator fluctuates continuously from 2012 to 2022, in general the economic quality index has increased
in 2022 compared to 2022. In 2012, the economic quality index of each indicator is generally distributed
between (0,0.2). And by 2022, the EQI rises to between (0.8,1.0), in which the EQI of three indicators,
namely, “intensity of R&D investment of industrial enterprises above large scale (X6)”, “share of added
value of tertiary industry in GDP (X14)” and The economic quality index of the three indicators, such as
“the number of graduates of general colleges and universities per 10,000 people (X23)”, can all reach 1.0.

L= — 0.99
0o 0.89
y - 0.79 gﬂ?
: 0.8- 0.69 2
P 0.59 £
£ 0s- 0.50 2
5 0.5 040 F
2 0.4 030 5
o
£ 0.3 020 8
2 0.2 0.10
0.1 0.00
0.0

Fig. 3. Economic quality index changes

The indexes of economic vitality, innovation and development, coordination and openness, green
development, and people's life in the economic quality assessment system are measured for the years 2012-
2022, and the results obtained are shown in Fig. 4, in which [1-15 denote the five dimensions of economic
vitality and other dimensions, respectively. From the figure, it can be more clearly seen that the measured
results of the economic quality index of economic vitality, innovation and development, coordination and
openness, green development and people's life show a significant upward trend in 2012-2022, and the
measured results of the economic quality index of the five dimensions in 2012 are 0.0847, 0.0735, 0.0673,
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0.0657, and 0.1035, respectively, and the The measured results in 2022 are 0.2080, 0.2109, 0.1557, 0.2174,
and 0.1649, compared to an increase of 145.57%, 186.94%, 131.85%, 230.90%, and 59.32%, respectively.

0.25

o
to
>

0.10

Economic quality index
(]
o

Fig. 4. The economic quality index at all levels

Figure 5 shows the comprehensive economic quality index of 80 provinces and cities in China from 2012
to 2022, calculated based on the results of the weights of the indicators, the results of the economic quality
index measurements, and the results of the economic quality measurements at each level. As can be seen
from the figure, during the 11-year period from 2012 to 2022, the economic quality index of 30 provinces
and cities in China shows an overall upward trend, with an increase of 52.54% in 2022 compared with 2012,

and an average annual increase of 4.78%. The highest economic quality composite index is in 2020, with
an increase of 90.20% from the lowest score in 2015.
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Fig. 5. Economic quality integrated index fluctuation

4., Conclusion

This paper focuses on the assessment of economic quality and introduces set-pair analysis and generalized
regression neural network into the assessment process to realize the screening of indicators for the
economic quality assessment system. The economic data of 30 provinces in China from 2012 to 2022 are
taken as the objects, and the method of this paper is used to comprehensively assess the economic quality
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of 80 provinces and municipalities in China from 2012 to 2022.From 2012 to 2022, the economic quality
index of each indicator in the economic quality assessment system fluctuates constantly, but the overall

trend is upward. In 2012, the economic quality index of the five levels of "economic vitality", "innovative

development", "coordination and opening-up", "green development" and "people's livelihood" was 0.0847,
0.0735,0.0673,0.0657 and 0.1035, respectively, and the growth of each level in 2022 was 145.57%, 186.94%,
131.35%, 230.90% and 59.32% respectively compared with 2012. This result indicates that 30 provinces
and cities in China have achieved significant economic development during the period 2012-2022.
Combined with the empowerment results of the hierarchical analysis method, it can be concluded that
people's life has a relatively large impact on economic quality, but its growth rate from 2012 to 2022 is
lower than that of the other four dimensions, indicating that provincial governments need to vigorously
strengthen the construction of people's life in the process of subsequent development, improve the sense of
well-being of the people of the provinces, and promote the improvement of the economic quality index at
the “people's life” level. This indicates that in the subsequent development process, provincial governments
need to vigorously strengthen the construction of people's lives and improve the sense of well-being of the
people in each province, so as to promote the improvement of the “people's life” dimension of the economic
quality index. Overall, the composite economic quality index of China's 30 provinces and municipalities
rises significantly from 2012 to 2022, with the composite economic quality indexes of 0.59 and 0.90 in 2012
and 2022, respectively, representing an increase of 52.54 per cent. It shows that 80 provinces in China, in
the process of multi-faceted economic development, have continuously strengthened the quality of their
economies, focusing on high-quality development while developing at a high speed, thus achieving the
good results of a virtuous economic cycle.
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