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Abstract: enhancing regional economic vitality is an important way to promote regional and world 
economic growth. Based on the gray prediction model, principal component factor analysis model 
and correlation analysis, this paper makes a qualitative analysis and evaluation of the current and 
future economic vitality of Shandong province, and draws the following conclusions. 

1. Introduction 
At present, china's economy has entered a critical period of transition and development of the 

new normal. The economic growth rate has gradually changed from high-speed growth to low-and 
medium-sized growth. At the same time, the power sources of economic growth are constantly rich, 
and the economic structure is also constantly optimizing and upgrading. Regional economic vitality 
has also become an important part of regional comprehensive competitiveness. In economics, 
“vitality” refers to the support of a city, region or country for life function, ecological environment 
and economy and society. These include economic vitality, social vitality, environmental vitality 
and cultural vitality, four kinds of vitality constitute the whole vitality system. In order to effectively 
improve the regional economic vitality, a suitable model is constructed to solve the following two 
problems. 

(1) Establish a suitable relationship model that affects economic vitality from the perspective of 
population and corporate vitality trends. 

(2) Choosing a suitable index system, establishing a mathematical model for analyzing and 
measuring regional economic vitality 

2. Problem Analysis and Model Building 
2.1 Model Establishment and Solution for Problem One 
2.1.1 Data Preprocessing 

By consulting relevant data, the company's vitality was selected for analysis in terms of the 
number of enterprises, the growth rate of the number of enterprises, government investment, social 
investment, the number of star brands (high-profile companies such as Qingdao's Haier), and the 
number of technological innovations. Taking Shandong Province as an example, the collected 
relevant data is processed using methods to standardize it, conforming to the normal distribution, 
and then using the correlation algorithm to calculate the correlation between the indicators, to 
obtain the heat map shown in Figure 1: 

Figure 1 shows the correlation between different variables, and the stronger the correlation, the 
greater the correlation coefficient. When the correlation coefficient is greater, it indicates that there 
is a stronger correlation between the two variables, as shown in Figure 1: government investment, 
social investment, and number of star enterprises And the correlation between scientific and 
technological innovation is very strong. Select investment capital and technological innovation. At 
the same time, select the number of enterprises between the number of enterprises and the growth 
rate of the number of enterprises. 
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Fig.1 Correlation Heat Map between Influencing Factors of Corporate Vitality 

2.1.2 Model Establishment and Solution 
First, in terms of corporate vitality, through cluster analysis of data, select the number of 

enterprises, investment funds and technological innovation; in terms of population, select the level 
of education and labor force population to analyze the economic vitality of Shandong Province. 
May wish to set the obtained data to be true and effective, and visualize the data through excel 
software to obtain the graph shown in Figure 2: 

 
Fig.2 The Change Curve of the Number of Enterprises, the Amount of Capital Invested, and the 

Amount of Technological Innovation and Qingdao's Gdp 
It can be seen from Figure 2 that the number of enterprises, the amount of capital invested, the 

number of technological innovations, the level of education, the number of labor forces, and GDP in 
Shandong Province are increasing year by year. From this, it can be concluded that the increase in 
the number of enterprises, the ratio of input to output, the number of scientific and technological 
innovations, the number of labor force, and the improvement in education have a certain promoting 
effect on GDP growth, that is, it has a positive effect on the regional economic vitality. 

Secondly, using excel software to visualize the GDP of Shandong Province, we get the GDP 
change curve shown in Figure 3: 
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Fig.3 Annual Gdp Growth of Shandong Province 

It can be seen from Figure 3 that the annual GDP growth of Shandong Province has been 
decreasing year by year. 

When analyzing the industrial structure of Shandong Province, by finding relevant data and 
visualizing the data, the curve shown in Figure 4 is obtained: 

 
Fig.4 Changes in the Volume of Traditional and New Technology Industries 

It can be seen that from 2009 to 2018, the GDP of traditional industries has been decreasing year 
by year. In contrast, the number of high-tech personnel engaged in high-tech industries and the GDP 
have been increasing year by year. The proportion is getting higher and higher. 

Through the analysis of Figure 2, Figure 3 and Figure 4, in terms of population, with the 
continuous increase in the educational level of the population in Shandong Province and the 
introduction of more high-end technical talents, it is bound to promote the development of high-tech 
industries and drive the regional economy. In terms of corporate vitality, it can be seen that although 
the GDP growth rate of Shandong Province is slowing down, the proportion of traditional industries 
with severe environmental pollution is declining, and the contribution rate of traditional industries 
to GDP is also declining. And as the number of people engaged in high-tech industries increases 
year by year, the government's support for high-tech industries continues to increase, the proportion 
of high-tech industries in the industrial structure is increasing, and the development of high-tech 
industries has increased the economic vitality of Shandong Province. 

2.2 Model Establishment and Solution for Problem Two 
2.2.1 Construction of Economic Vitality Index System 

Learn from the research of experts and scholars, and establish an indicator system based on the 
actual development of Shandong Province. 

(1)Primary selection of economic vitality measurement indicators 
This article aims to study the economic vitality of Shandong Province, so most of the indicators 

selected are quality indicators or average indicators. Based on the research experience of previous 
experts and scholars and the current status of economic development in Shandong Province, this 
article selects the ratio of fixed investment to GDP, the ratio of tertiary industry assets to GDP, the 
total industrial output value to GDP, social retail to GDP, and foreign trade to GDP. Number of 
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invention patents, per capita green area, employment rate of the population, enrollment rate of 
residents' endowment insurance, general middle school conditions / places, living wages / yuan, 
disposable income / yuan, number of enterprises, regional GDP / 100 million yuan, total population 
at the end of the year The 15 indicators per ten thousand people use relevant indicator data collected 
in the ‘Statistical Yearbook of Shandong Province’ from 2009 to 2017 to calculate the indicator data 
in the above table through calculation. 

(2)Establishment of factor analysis model 
The component score coefficient matrix is multiplied by the indicator normalization to calculate 

the factor score, that is: 
1 1 2 2 ...i i i ip pF x x xα α α= + + +  

Among them: 𝐹𝐹𝑖𝑖 indicates the 𝑖𝑖 factor score; 𝑥𝑥1, 𝑥𝑥2, . . . 𝑥𝑥𝑝𝑝 indicates the standardized value of 
the indicator; 𝛼𝛼𝑖𝑖1,𝛼𝛼𝑖𝑖2, . . . ,𝛼𝛼𝑖𝑖𝑝𝑝 indicates the component score coefficient. 

The total factor score is equal to the weighted arithmetic mean of each sub-factor score, that is: 

( 1)i i iF b F b= =∑ ∑  

Among them, 𝐹𝐹 represents the total factor score, 𝐹𝐹𝑖𝑖 represents the score of the 𝑖𝑖 factor, and 𝑏𝑏𝑖𝑖 
represents the degree of contribution of the 𝑖𝑖 factor. 

(3)Data selection and collection 
First of all, the relevant data of the above 15 indicators are mainly derived from the ‘Statistical 

Yearbook of Shandong Province’ and the ‘Statistical Bulletin of National Economic and Social 
Development’ of each municipal administrative unit. Second, because some data are severely 
missing, the key indicators with severe data missing are replaced by similar indicators. Finally, 
because some data units are different, the data is processed accordingly, and all indicators are 
unified and standardized in accordance with scientific calculation methods. 

2.2.2 Measurement of Economic Vitality in Shandong Province 
When performing factor analysis, as this article uses 15 indicators to analyze the data of 17 cities 

in Shandong Province, the sample size is too large, and the correlation of some indicators is too low 
may cause the KMO value to be too low, so the KMO of the data is first performed. Inspection, the 
results shown in Table 1: 

Table 1 : Kmo Inspection 

 
The result shows that KMO is 0.3116 less than the passing threshold value of 0.6, and the partial 

variable data is not suitable for the principal component factor analysis, so the partial index is 
removed. Through the correlation analysis, the method of z-score method is used to standardize and 
accord with the normal distribution of 0-1, and then the correlation between the indexes is 
calculated by the pearson correlation algorithm, as shown in Figure 8: 
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Fig.5 Indicator Correlation Heat Map 

The proportion of social retail with lower GDP, average number of invention patents, per capita 
greening area, population employment rate, residential pension insurance coverage rate, regional 
GDP and total population at the end of the year will be removed. After removing the KMO and 
Barelett test, the results shown in Table 2 are obtained: 

Table 2 : Kmo And Bartlett Inspection Mo Inspection 

 
It can be seen from Table 2 that the KMO value is 0.6593, which is significantly improved 

compared with the previous 0.3116, and at the same time is greater than 0.6. Therefore, the selected 
index is more effective and the sample is considered to be capable of factor analysis. 
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Table 3 : Common Factor Variance 

 
The larger the common factor variance extracted between the variables, the stronger the ability to 

be interpreted by the common factor, and most of the variable factors proposed by the extracted 
common factor variance are explained more than 70%. Therefore, the better the extraction effect, 
the Less confidence in data loss. Generally speaking, but for a variance contribution rate of not less 
than 75%, the factor extraction component interpretation information accounts for 75% of the total 
information. For factors with characteristic roots greater than 1, data analysis based on stata 
software yields the results shown in Table 4: 

Table 4 : Explain All Variance 

 
It can be seen from Table 4 that the cumulative variance contribution rate reaches 74.791%, 

which indicates that the first three factors contain 74.791% of all information, and the amount of 
information extracted is relatively large. Therefore, it can be explained that factor analysis is 
effective in extracting original variable information. 

Using stata software, a graph is made of the contribution rate of each factor, as shown in Figure 
6: 

 
Fig.6 :Lithotripsy 
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It can also be seen from Figure 6 that the information contributed by the first three factors 
represents that the polyline is relatively steep, and the subsequent discount is relatively flat. It can 
also be seen that it is reasonable to extract the first three factors. 

Rotation component matrix: 
Table 5 : Rotation Component Matrix 

 
It can be seen from Table 5 that the ratio of foreign trade to GDP, per capita wages, disposable 

income, and per capita GDP are factors 1. Since per capita wages and disposable income can 
determine people's consumption levels, factor 1 can be named as foreign trade and Consumption 
factor; the ratio of the tertiary industry's assets to GDP and the number of enterprises is factor 2, 
named as the ratio of the tertiary industry; the ratio of fixed investment to GDP and total industrial 
output value to GDP is factor 3, named as the ratio of primary industry . 

To get the factor expression, extract the component matrix from the factor load matrix: 
Table 6 : Component Score Coefficient Matrix 

 
The expression of the factor is as follows: 

1 2 3 4 5 6 7 8 90.032 0.058 0.070 0.294 0.245 0.307 0.112 0.352F v v v v v v v v= − + − + + + + +  

2 2 3 4 5 6 7 8 90.223 0.303 +0.294 0.028 0.081 0.001 0.641 0.264F v v v v v v v v= + − + + − +  

3 2 3 4 5 6 7 8 90.595 0.032 0.460 0.449 0.057 0.027 0.119 0.028F v v v v v v v v= − + − − + − + +  

Taking the variance contribution rate of each factor as the weight, the growth index score 
obtained after weighting the average is as follows: 

1 2 30.352 0.221 0.147ECO F F F= + +  

The final weights obtained by factor analysis, and the comprehensive scores obtained by 
weighting the factor score function, the results are shown in Table 7: 
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Table 7 : Ranking Of Comprehensive Scores of Urban Economic Vitality in Shandong Province 

 
It can be seen from the ranking that, taking Qingdao as an example, although Qingdao ranks in 

the middle of factors 2 and 3, it ranks first in factor 1 and eventually ranks second, so it can also be 
seen that factor 1 is in the entire The contribution rate in the growth index is higher than the factors 
2 and 3. The comprehensive ranking of Jinan's economic vitality ranks first, among which the 
ranking among the factors is also in the forefront. It can be seen that the comprehensive strength of 
Jinan is relative to other cities stronger. 

3. Conclusion 
This paper models economic vitality based on principal component factor analysis. The research 

results are as follows. 
In terms of population, with the continuous increase in the educational level of Shandong's 

population and the introduction of more high-end technical talents, it is bound to promote the 
development of high-tech industries and drive regional economic vitality. In terms of corporate 
vitality, we can see Although GDP growth is slowing down, the proportion of traditional industries 
with severe environmental pollution is decreasing, and the contribution rate of traditional industries 
to GDP is also decreasing. And as the number of people engaged in high-tech industries increases 
year by year, the government's support for high-tech industries continues to increase, and the 
proportion of high-tech industries in the industrial structure is increasing. To great promotion. 

The formula for measuring economic vitality is ECO = 0.352𝐹𝐹1 + 0.221𝐹𝐹2 + 0.147𝐹𝐹3 
In view of the above analysis, the following suggestions are proposed for improving regional 

economic vitality. 
(1)Eliminating pollution and developing high-tech industries 
(2)Enhance technological innovation capabilities 
(3)Increase funding for science and technology and investment in scientific research personnel 
(4)Strengthening import and export trade 
(5)Joint development  
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