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Abstract 

The "digital divide" is not only related to the amount and allocation of information 
resources in the whole country, but also a new form of social disparity between the rich and 
the poor. It shows the disparity between different groups in digital access, digital utilization 
and digital awareness. In order to study the impact of the "digital divide" on the regional 
economic development in China, The establishment of an index system was established to 
measure the digital divide. , and uses multiple regression model to explore the impact of the 
"digital divide" on regional economic development. The index system of digital divide 
includes three dimensions: digital infrastructure index, digital industry and application 
index and development environment index. The three dimensions of the "digital divide" 
index system are respectively extracted from their principal components, calculates its 
weight by entropy method, and obtains the national "digital divide" index by means of 
average difference analysis. Finally, it introduces multiple regression model to explore the 
influence of the three dimensions of the digital divide on regional economic development. 
The data of 30 provinces in China in the past 2014-2016 years are taken as an example and 
obtains the following results: there is a "digital divide" between regions in China, the level 
of digital development in the eastern coastal areas is significantly higher than that in the 
central and Western regions, while the western region is the most backward, and the overall 
"digital divide" index fluctuates upwards; Infrastructure has no positive impact on regional 
economy, but digital industry and application and development environment have a 
significant positive impact on regional economic development. 
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1. Introduction 

The "digital divide" is a gap in accessibility and application of information networks between regions, 

families or individuals with different socio-economic levels. It is not only a gap brought about by 

technology, but also a complex social problem. Its manifestation mainly includes the gap between 

countries with different levels of development and between countries,different regions of a country and 

different social groups.  

2. Literature Review 

The academic research on the "digital divide" has achieved the following results. The research on the 

connotation of "digital divide" has gone through three stages. In the first stage, the definition of "digital 

divide" by scholars can be summarized as unequal access opportunities for the rich and the poor to 

information and communication technology, focusing on the availability of information: The National 

Telecommunications and Information Administration (NTIA) of the United States issued a series of 
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reports entitled "Outdated in the Internet: Defining the Digital Divide", which is defined as "having 

credibility": There is a gap between the instrumentalists and the Lackers in the information age[1]. The 

second stage includes the utilization of ICT on the basis of the first stage. The "digital divide" as "the 

unbalanced development of the popularization and application of emerging communication 

technologies represented by the Internet among nations"[2].The third stage of "digital divide" has been 

called "knowledge divide" by some scholars. The definition of "digital divide" is not only the gap 

between information technology progress and application, but also the gap between information and 

knowledge acquisition and utilization ability[3]. With regard to the measurement of the digital divide, 

according to the information dissemination technology infrastructure and people's access to 

information dissemination tools, document [4] analyzed the data of 2002 by factor analysis, calculated 

the "digital divide index" (DDI) and ranked the regions. Document [5] Empirical study on the regional 

"digital divide" in China in 2004 by using the index method shows that the level of networking in the 

eastern coastal areas is significantly higher than that in the central and Western regions. In terms of the 

relationship between "digital divide" and economic development, literature [6] uses principal 

component analysis to compare the development level of Internet in 31 provinces and municipalities in 

China, and to analyze the quantitative relationship between the development level of Internet and 

economic growth.  

3. Digital Divide Measurement Index System and Method  

3.1 Establishment of Index System and Data Processing            

Based on the principle of index design,  application index and environment index by referring to the 

digital divide index in the existing literature. At the same time, considering the development of the 

index, some outdated indicators, such as "per capita long-distance calls","per capita number of cable 

TV users"are deleted ,and increasing indicators reflecting emerging Internet formats and trends, such 

as "e-commerce sales", "mobile Internet access traffic" and "the number of 4G users". Finally, three 

first-level indicators and 17 second-level indicators are established from three aspects: digital 

infrastructure index,,digital industry and application index ,development environment index. The 

specific indicators are shown in Table 1.  

3.2 Research Methods            

(1)Principal Component Analysis           

Principal component analysis is one of the multivariate statistical methods.Through dimensionality 

reduction,several indicators or factors are transformed into a few representative comprehensive 

indicators on the basis of less data loss.Most of the information of the original data is reflected by a few 

principal components,and the multi-collinearity problem is effectively solved.The principal 

component analysis of three secondary indicators,namely three dimensions,a total of 20 three-level 

indicators,is carried out to get the principal component scores of each region.The combination 

coefficients of principal components as follow:      

                                                              (1) 

 

are the correlation coefficient between the j index variable and the i principal component,also 

called “the initial factor load matrix”.The corresponding eigenvalue is i .The principal component 

combination coefficient can be obtained from formula①,and the principal component expression is the 

product of the principal component coefficient and the index variable.The i principal component score 

expression as follow: 

(2) 
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Table 1.  "Digital Divide" Index System 

Target 

layer 

First level 

index 
second level index index Interpretation 

"Digital 

Divide"Index 

Digital 

Infrastructure 

index 1u  

Optical cable line 

density 1x  

Optical cable line length 

divided 

by geographical area 

Broadband access 

port ownership 2x  

Internet broadband access 

ports 

divided by regional 

population 

Cable radio and 

Television transmission 

trunk line network 

density 3x  

Cable radio and television 

Transmission trunk network 

Length divided by area 

Postal route density 4x  

The ratio of the length of the 

post road to the area of the 

region 

Mobile Phone Base 

Station Ownership 5x  

Ratio of the number of 

mobile 

phone base stations to the 

population 

Digital 

Industry 

and 

Application 

Index 2u  

Number of employees in information 

transmission,software and 

Information technology services 6x  

Reflecting the contribution 

of 

Digital industry to 

employment 

Total postal and 

telecommunications 

services 7x  

Reflecting the development 

level of traditional industries 

E-commerce sales 8x  

Reflecting the development 

of 

emerging industries 

Revenue from software business 9x  
Reflecting the development 

level of traditional industries 

Internet penetration 

rate 10x  

Basic indicators reflecting 

internet development level 

Mobile internet access traffic 11x  
Reflect the degree of internet 

application 

Number of websites 

owned by enterprises 12x  

Reflecting the level of 

internet 

application in enterprises 

4G user number 13x  

 

Reflecting the popularity and 

application quality of mobile 

terminals 

Web page number 14x  Reflecting the level of 
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development and utilization 

of 

network resources 

Development 

Environmental 

Index 3u  

Number of patents for effective 

invention 15x  

Reflect the size of innovation 

capability 

Fixed investment in 

scientific research and technology 

services 16x  

Reflecting the government's 

investment in digital 

technology 

Per capita disposable 

income 17x  

Reflect the level of 

economic 

development 

College degree 18x  

Reflecting education level 

and 

talent environment 

Per capita consumption 

expenditure 19x  

Reflect the consumption 

level of residents 

 R&d intensity 20x  

R&d expenditure as a share 

of 

gdp 

                                                                                                                         

are the combination coefficients of the i principal component and the j index,  

are the standardized data of the j index, the product adds up to get the score of the i principal 

component. When more than one principal component is extracted, the principal component 

comprehensive score is the ratio of the contribution rate of each principal component to the cumulative 

contribution rate multiplied by the cumulative sum of the principal component scores.  

(2) Entropy Method             

Entropy method is an objective weighting method. After getting the comprehensive principal 

component scores of digital infrastructure,digital industry and application,,development environment, 

entropy method was used to calculate its weight, and finally obtains the comprehensive score of digital 

development level of various regions from 2014 to 2016.The calculation of index weight is carried out 

in the following steps. M = 30 is the 30 provinces in the sample. The index in this paper is a positive 

index, so formula ③is used to standardize the principal component score. The value of the positive 

index after standardization as follow: 

 

(m=1,2...,30,)                            (3) 

 

are Scores of  Principal Component j in Area i,then calculate the proportion of the i region under 

the j index.                                              

 

 (m=1,2...,30,)                      (4) 
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(5) 

 

The Information Utility Value of Item i Index  

                                                                           

(6) 

                                                                    

Finally, the weight of the index is obtained.                 

 

            (7) 

 

 (3) Regression Model             

Regression model is a statistical method used to analyze the causal relationship between two or more 

variables. Regarding GDP as a dependent variable, taking digital infrastructure index,,digital industry 

and application index ,development environment index as independent variables to analyse the 

interdependence between digital divide and economic development in 30 regions of China. Its 

mathematical model is :  

  ppxxy ...110                                                      (8) 

The dependent variable   ,the constant    ,and the independent variable   

the partial regression coefficient           ,   the random error ( also called residual error)   . 

The three-year regression models are : 

Model 1: 

Model 2: 

Model 3: 

4. Result Analysis  

4.1 Data Sources             

The sample data come from China Statistical Yearbook in 2015-2017. Due to the missing data of some 

indicators in Tibet Province, this paper deletes Tibet Province from the sample and selects 30 

provinces and municipalities directly under the Central Government in different years as empirical 

samples. In order to reduce the influence of dimension on the results of sample data standardization, 

we adopt Z-fraction method in standardization method. The formula is                ,   :  sample data,  :mean 

value of index,   :standard deviation, The denominator and molecule of Z fraction are the same unit, so 

the ratio of z-score has no unit and can be used to standardize the indicators of different units.  

4.2 Principal Component Analysis            

According to the index evaluation system, KMO test and Bartlett spherical test are carried out on the 

standardized index data of 30 provinces and municipalities in China. KMO test is the number of 

appropriate samples, when KMO > 0.5 can be used as principal component analysis. When KMO > 

0.6 can be considered as sufficient samples, Bartlett spherical test P = 0.000, less than the significance 

level of 0.05 indicates that the index system is suitable for principal component analysis.  Principal 

component analysis used on the secondary indicators of digital infrastructure,digital industry and 

application,development environment from 2014 to 2016. The KMO values are all greater than 0.6. 

Bartlett spherical test shows that the extracted principal component eigenvalues are greater than 1 and 

the cumulative contribution rate is more than 80%, which has a good explanatory degree. Table 1 

below:  
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Table 2. Eigenvalues and variance contribution rates of principal factors 

 

First level index 

2014 2015 2016 

KMO 

value 

Cumulative 

contribution 

rate 

KMO 

value 

Cumulative 

contribution 

rate 

KMO 

value 

Cumulative 

contribution 

rate 

Digital 

infrastructure 
0.673 84.68% 0.660 88.85% 0.609 83.84% 

Digital industry 

and its application 
0.791 89.05% 0.747 87.73% 0.715 87.05% 

Development 

environment 
0.669 83.24% 0.653 82.83% 0.606 83.29% 

 

SPSS22.0 software was used to standardize the sample data and make principal component 

analysis.The main component scores of digital infrastructure, digital industry and application, and 

development environment in 30 regions from 2014 to 2016 are estimated.The calculation of the 

principal component score takes the digital infrastructure index in 2016 as an example, and the rest of 

the calculation process is similar to that described here without further elaboration. Extracting the 

principal components from the index data of 30 provinces in 2016 .As shown in Table 3, the initial 

eigenvalue of the first principal component is 3.108, and the initial eigenvalue of the second principal 

component is 1.084. The cumulative contribution rate is more than 80%. Therefore, two principal 

components are extracted. The initial factor load matrix of the principal component is shown in Table 

4 below. The combination coefficients of the two principal components are calculated by formula (1), 
1m =(0.433,0.438,0.512,0.518,0.297), 2m =(-0.277,0.217,0.045,-0.162,0.443),The expressions of the 

two principal components are as follows:  

543211 297.0518.0512.0438.0433.0 xxxxxF   
543212 443.0162.0045.0217.0-0.277 xxxxxF   

so we can get the comprehensive principal component score index of 2014-2016 

 

Table 3. Explanation of Total Variance 

 
component 

 

Initial eigenvalue Extracting Square Sum of Load 

Total 
Percentage of 

variance 
accumulate % Total 

Percentage of 

variance 
accumulate % 

1 3.108 62.161 62.161 3.108 62.161 62.161 

2 1.084 21.678 83.839 1.084 21.678 83.839 

3 0.421 8.422 92.261    

4 0.318 6.351 98.612    

5 0.069 1.388 100.000    

 

Table 4. Digital Infrastructure Indicators Initial Factor Load Matrix 

Component 1x  2x  3x  4x  5x  

1 0.764 0.773 0.903 0.914 0.524 

2 -0.489 0.384 -0.080 -0.285 0.781 
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Using entropy method on formula (3) - (7) to calculate 1u , 2u and 3u of the year 2014-2016 .The 

following results are obtained. In 2016, the three weights are 0.2729,0.4529 ,0.2742; in 

2015,0.3983,0.3815 ,0.22012; and in 2014, the weights are 0.2571,0.4567 ,0.2862. The total 

comprehensive scores and rankings of the three years are obtained by the product of the weights and 

the comprehensive principal component score index, as following table 5:  

 

Table 5. Comprehensive scores and rankings of regions from 2014 to 2016 

 

Ranking 

2014 2015 2016 

Composite 

score 

Regional 

ranking 

Composite 

score 

Regional 

ranking 

Composite 

score 

Regional 

ranking 

1 4.12 Guangdong 3.85 Beijing 4.45 Guangdong 

2 3.83 Beijing 3.16 Guangdong 3.98 Beijing 

3 3.22 Jiangsu 2.68 Shanghai 2.91 Jiangsu 

4 2.47 Shanghai 2.64 Jiangsu 2.77 Shanghai 

5 2.33 Zhejiang 2.53 Zhejiang 2.74 Zhejiang 

6 1.34 Shandong 1.06 Shandong 1.59 Shandong 

7 0.54 Liaoning 0.62 Fujian 0.57 Fujian 

8 0.38 Fujian 0.51 Liaoning 0.31 Tianjin 

9 0.35 Tianjin -0.19 Sichuan 0.08 Liaoning 

10 0.06 Hubei -0.19 Hubei -0.13 Hubei 

11 -0.13 Sichuan -0.24 Tianjin -0.26 Hebei 

12 -0.18 Henan -0.31 Henan -0.28 Anhui 

13 -0.32 Shaanxi -0.35 Shaanxi -0.29 Henan 

14 -0.35 Hebei -0.46 Hebei -0.41 Sichuan 

15 -0.46 Hunan -0.48 Chongqing -0.44 Chongqing 

16 -0.50 Anhui -0.49 Anhui -0.48 Shaanxi 

17 -0.67 Chongqing -0.60 Hunan -0.53 Hunan 

18 -0.72 Shanxi -0.71 Shanxi -0.86 Jiangxi 

19 -0.89 Inner Mongolia -0.82 Jiangxi -0.93 Shanxi 

20 -0.97 Jilin -0.83 Inner Mongolia -0.94 Jilin 

21 -0.98 Heilongjiang -0.87 Hainan -0.94 Inner Mongolia 

22 -1.07 Jiangxi -0.87 Xinjiang -1.10 Heilongjiang 

23 -1.07 Yunnan -0.95 Jilin -1.11 Xinjiang 

24 -1.08 Guangxi -1.00 Qinghai -1.28 Hainan 

25 -1.09 Xinjiang -1.01 Yunnan -1.33 Yunnan 

26 -1.28 Hainan -1.05 Heilongjiang -1.33 Guangxi 

27 -1.32 Qinghai -1.07 Guangxi -1.34 Ningxia 

28 -1.38 Guizhou -1.20 Guizhou -1.39 Qinghai 

29 -1.41 Ningxia -1.23 Ningxia -1.42 Guizhou 

30 -1.43 Gansu -1.29 Gansu -1.46 Gansu 
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There are obvious differences between the east and the west. Most of the scores in the eastern region 

are above the average level, while Guangxi and Hainan are below the average level. The provinces in 

the central region are basically in the middle and lower reaches, and the reciprocal is basically the 

provinces in the western region. The digital divide between regions in China is relatively small in the 

central and Western regions, and the digital divide between developed areas such as the eastern coast 

and the central and western regions is quite different. In this paper, the national digital divide index is 

measured by means of the average difference analysis method. The calculation formula is as follows: 

 

 

Among them m = 30 represents 30 provinces in China, X are the comprehensive scores of the region 

and the    are average of the comprehensive scores of the regions. Finally, the national digital divide 

index from 2014 to 2016 is calculated to be 1.20,1.11 and 1.25, respectively, with a slight increase in 

the fluctuation of the index in the past three years. 

4.3 Result and Analysis of Regression Model             

In order to facilitate the establishment of the model, this experiment adopts the multiple linear 

regression model. The experimental results are shown in tables 6 and 7.  

 

Table 6. Model regression and test results 

Model 
Durbin Watson 

test 
variable 

regression 

coefficient 

T-test 

significance 

 

Tolerance VIF 

Model 

1 
1.808 

constant -0.038    

1u  -0.451 0.000 0.585 1.709 

2u  0.392 0.001 0.186 5.367 

3u  0.794 0.000 0.232 4.303 

Model 

2 

 

1.658 

constant -0.024    

1u  -0.41 0.000 0.500 2.001 

2u  0.429 0.010 0.174 5.749 

3u  0.741 0.000 0.243 4.112 

Model 

3 
2.596 

constant -0.028    

1u  -0.496 0.000 0.541 1.848 

2u  0.622 0.001 0.186 5.370 

3u  0.561 0.001 0.246 4.064 

 

(1) Testing of Regression Model       

F-test is used to test the overall significance of linear regression equation and whether there is a 

significant linear relationship between independent variables and dependent variables. The F-test 

values of the three models from 2014 to 2016 are 141.823, 71.965 and 50.644 respectively. The 

significant levels are all 0.000 < 0.05. It can be considered that there is a significant linear relationship 

between digital infrastructure, digital industry and application, development environment and the 

regional gross domestic product. The D.W value of Durbin Watson test is used to test whether there is 

autocorrelation in the residual term of regression equation. The closer the D. W value is, and nearly to 

2, the better the autocorrelation test results of the three models. By comparing the D. W value table, the 

autocorrelation test results of the three models are good. VIF is the reciprocal of tolerance, which is 

used to diagnose the existence of multiple collinearity of independent variables. The VIF values in the 

models are far less than 10, indicating that the model passes multiple collinearity test.  
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(2) Significance analysis of the model            

As shown in Table 5, the R2 values of model 1, model 2 and model 3 are 0.942, 0.893 and 0.854, and 

the adjusted R2 values are 0.936, 0.880 and 0.837, respectively, which means that the fitting degree of 

the equation is very high, and the P values are all 0, which also proves the validity of the regression 

model.  

 

Table 7. Model Fitting and Significance 

Model R2 Adjusted R2 P value 

Model 1 0.942 0.936 0.000 

Model 2 0.893 0.880 0.000 

Model 3 0.854 0.837 0.000 

 

(3) The results of empirical analysis the regression equations of the three models are 

respectively: 322014 794.0392.0451.0038.0 uuuY 1   

321 uuuY 741.0429.041.0024.02015    

3212016 561.0622.0496.0028.0 uuuY    
The regression coefficients of digital infrastructure level 1u in model 1, model 2 and model 3 are 

respectively -0.451,-0.41,-0.496,and its P value is 0.000, less than the significant level of 0.05, so it 

can be considered that the level of digital infrastructure has a significant side effect on GDP. With the 

implementation of a series of national strategies to promote the development of information 

infrastructure, such as "broadband China" and "one belt along the way", although there is still a gap in 

the level of digital infrastructure in different regions, the difference between the digital infrastructure 

and the application and development environment is far less than that of the digital industry. In recent 

years, the level of digital infrastructure has not played a leading role in the process of regional 

economic development.  

The regression coefficients of digital industry application level in model 1, model 2 and model 3 are 

respectively 0.392,0.429,0.622.The P values are respectively 0.001,0.01,0.001,all of them are less 

than the significant level of 0.05, so the digital industry and application have a significant positive 

effect on the regional GDP, and the regression coefficient is rising year by year, which shows the 

importance of the digital industry and application in economic development. Promoting the digital 

industry and application can effectively improve the level of regional economic development.  

The regression coefficients of development environment 3u in model 1, model 2 and model 3 are 0.794, 

0.741 and 0.561, respectively. Its P values are 0.000, 0.000 and 0.001 respectively, which are less than 

the significant level of 0.05. Therefore, the development environment has a significant positive effect 

on the GDP. The regression coefficient of the development environment is decreasing year by year, but 

its function cannot be ignored compared with the digital industry and application.  

5. Conclusion 

The index system of "digital divide" from three aspects: digital infrastructure, digital industry and 

application, development environment. Taking 30 provinces and municipalities in China as the 

research object, based on the statistical data from 2014 to 2016, and using principal component 

analysis and entropy method to measure the comprehensive index of regional "digital divide", and then 

synthesizing the "digital divide" in different regions. The composite index is calculated twice by means 

of mean difference analysis. The results of the second calculation are used to show the size of the 

"digital divide". The results show that the digitalization level of Eastern China is higher than that of 

central China, and the digitalization level of central China is higher than that of Western China. 

Through data analysis from 2014 to 2016, the digital divide index shows a slight upward trend in 
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fluctuation. At the same time, this paper uses multiple regression model to analyze the relationship 

between digital infrastructure, digital industry and application and development environment of the 

"digital divide" and regional economic development. The experimental results show that digital 

infrastructure has not played a leading role. Digital industry and application and development 

environment have a significant positive impact on the level of regional economic development.   
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