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Abstract

:

Educational inequality is an important factor in the development of human capital, and limits the output of regional economic activities. The unequal distribution of educational resources has become a hot topic noticed by the public, and has restricted sustainable economic growth. This paper provides a better understanding of educational inequality, and explores the impacts of information and communication technology (ICT) and transportation infrastructure on the distribution of educational resources. The panel data models are constructed to discuss the relationship among ICT, transportation infrastructure, and educational inequality, using the data of 31 provinces in China from 2006 to 2016. The empirical results show that there is a positive relationship between ICT and educational inequality, while transportation infrastructure can restrain the unequal distribution of educational resources. Moreover, there is a significant inverted U-shaped relationship between transportation infrastructure and educational inequality. Since China’s education reform in 2010, the relationship among ICT, transportation infrastructure, and educational inequality has been significantly changed, as well as the influence mechanism of ICT. In addition, transportation infrastructure in China western regions can effectively alleviate the problem of educational inequality, and its impact will increase with the growth of transportation investments. It is necessary to consider the rational allocation of educational resources, and this is essential to relieve the problem of educational inequality. Therefore, our results demonstrate the key roles of information technology and transportation network in the field of education, and provide some new ideas for the solution of educational inequality.
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1. Introduction


With the continuous development of the global economy, educational outcomes have become an important factor in promoting regional economic growth. Educational attainment as the representation of educational outcomes measures the degree of education a person has completed, and its development relies on the effective utilization of educational investment. During the educational process, the economic value of labor force can be reflected in the human capital, which is the stock of educational investment. Considering the role of the labor force in regional economic activities, there is a close relationship between educational factors and the labor market, while the educational attainment of the labor force can directly determine the efficiency of economic output, which is the result of economic activities through utilization of external resources. For many developing countries, the development of regional economy still depends on labor-intensive industries, and human capital is essential to support national strength. From the perspective of human capital, the literacy and capability of labor force are mainly promoted by better educational quality, and the unequal distribution of educational resources may lead to regional inequality of labor force literacy and ability. The inequality of educational resources can be directly reflected in educational inequality, and then educational groups cannot obtain equal educational opportunities [1]. The emergence of educational inequality has not only become a problem in the field of education, but has also hindered the development of real economy. In addition, educational inequality can be affected by the gap between the rich and the poor. The accessibility and affordability of educational resources have struggled to meet social requirements, so fairness of education cannot be guaranteed. Compared to other developing countries, China has provided a large amount of labor to the global market, and plays an important role in labor-intensive industries. However, the Chinese government has been trying to upgrade industrial structure from labor-intensive to technology-intensive, and this transformation depends on labor capability. In China’s different regions, the unbalanced distribution of resources leads to the emergence of educational inequality, and hinders industrial transformation [2]. Facing these difficulties, educational inequality has become an important topic of concern to government regulators and researchers, and its solution will be a key factor in promoting sustainable economic growth.



In contrast to the traditional education model, access to educational resources has gradually got rid of spatial limitations. Online education can provide more educational opportunities for the public, but this relies on the development of information and communication technologies (ICT). ICT provides users with more convenient information services, and links social groups. ICT helps users get more information resources, while they need to pay for the application of this technology. Considering the affordability of ICT, not all learners can take advantages of this service, which enlarges the inequality between users in resource acquisition. Regional education inequality may also be enlarged by ICT. Furthermore, the distribution of educational resources may be also influenced by space factors. In order to get rid of the constraints of geographical factors, transportation infrastructure effectively shortens the distance between different regions, and provides users with convenient transportation services. The development of a transportation network lengthens the distance of labor migration, and shortens the distance between urban and rural areas. Given the characteristics of China’s population policy, the hukou system hinders the development of human capital, and restricts the educational opportunities of the labor force [2]. Faced with the limitations of the hukou system, the development of the transportation network can change the distribution of human resources, and allow more labor to obtain educational opportunities, thereby improving the availability of educational resources. Combining the features of educational resources and educational opportunities, exploring the relationship among ICT, transportation infrastructure, and educational inequality has become a key element for the rational allocation of educational resources, and this can also promote industrial transformation, guaranteeing sustainable development of the regional economy.



This paper discusses the roles of ICT and transportation infrastructure in the educational field, and its contributions are mainly reflected in the following points. First of all, the role of ICT in educational inequality is neglected, and improving the availability and affordability of information services will directly change the distribution of educational resources. Secondly, transportation infrastructure can improve the constraints of geographical factors and population policy, and help more social groups obtain fair educational opportunities. Finally, this paper takes into account the urban–rural gap in developing countries, and explores educational inequality from the perspectives of information technology development and transportation infrastructure investment. The findings can help government regulators design reasonable education policies, maintaining equal distribution of educational resources and the sustainability of regional economic development.



The structure of this paper is as follows: Section 2 will introduce the literature review and research hypotheses. Section 3 will introduce variables and models, including data sources, variable construction, and empirical models. Section 4 will introduce research results, including descriptive statistics and empirical results. Section 5 will present a discussion. Section 6 will present our conclusions and recommendations.




2. Literature Review and Research Hypothesis


2.1. Educational Inequality


Educational inequality is the starting point of many studies, and provides some explanation for a variety of economic issues. Based on the characteristics of educational inequality, some existing research has explored the micro-features and macro-impacts of this problem, and discussed the relationship between educational inequality and economic topics [1,3,4]. In terms of the micro-features of educational inequality, the structural characteristics and family characteristics of educational groups become important factors in promoting the unequal distribution of educational resources, and these studies have been concentrated on the individual perspective [3,5]. In terms of the macro-impacts of educational inequality, there is a close relationship between educational resources and economic activities, and this relationship plays an important role in the formulation of economic policies and educational policies [1,4].



In order to explore the influence factors of educational inequality, many researchers have made analyses of the impact of micro-features on educational inequality from the individual perspective. Picard and Wolff (2010) used a variety of methods to measure educational inequality, finding that the distribution of educational resources and the characteristics of family members could promote the emergence of educational inequality [3]. McKenzie and Rapoport (2011) explored the influencing factors of educational inequality from the perspective of migration, pointing out that migration would reduce the average educational attainment, while gender and age factors could promote the issue of educational inequality [6]. Moreover, the age and income of family members could affect the outcomes of public education, while tax policies could reduce the impact of educational inequality on social stability [7]. Valerio Mendoza (2018) discussed the problem of educational inequality in China, pointing out that the inequality in secondary education and higher education could aggravate the graveness of educational inequality, and that family factors could also promote this problem [5]. Family and social factors could contribute to the emergence of educational inequality, but individual income became a determining factor in the inequality of educational opportunities and educational outcomes [8,9]. Tselios (2014) explored the impact of income inequality on educational inequality in Europe, pointing out that the differences in the levels of individual income could motivate educational inequality [10]. Furthermore, there was a significant relationship between educational attainment and income level, and then educational inequality would be impacted by the gap between the rich and the poor [11]. The efficiency of fiscal expenditure could mediate the relationship between income level and educational inequality, while individual income became the main factor in obtaining the educational opportunities [12].



In comparison with studies of micro-features, the relationship among educational inequality, economic factors, and social factors became a hot topic noticed by researchers in different fields. Rodríguez-Pose and Tselios (2010) explored the relationship between educational inequality and economic growth, pointing out that the improvement of average educational attainment could not relieve the potential problems caused by educational inequality, and educational inequality would hinder regional economic development [13]. Hanushek and Woessmann (2012) analyzed the relationship between educational inequality and economic development, finding that educational inequality could affect the skills of the labor force, and that this relationship was more pronounced in developing countries [14]. Ferreira and Gignoux (2014) measured educational inequality from the perspective of educational outcomes and educational opportunities, suggesting that educational inequality in Europe and Latin America was relatively high, and that the unbalanced distribution of educational resources would inhibit the development of regional economy [1]. The effect of educational inequality could be controlled by the development of regional economy, while education policy could alleviate educational inequality in economically backward areas [15]. In addition, education reform played different roles in various educational groups, and it was difficult to achieve an equilibrium state between educational input and educational output [4]. Meschi and Scervini (2014) discussed the relationship between schooling expansion and educational inequality, suggesting that inequality in higher education was more serious, and the length of compulsory education could relieve the problem of educational inequality [16]. Moreover, higher educational attainment could lower mortality, and educational expansion would provide more educational resources for the whole society while reducing the negative impact of educational inequality [17].



According to the existing research on educational inequality, the influencing factors of this problem are concentrated on micro-features, while macro factors have lacked attention from researchers, which has limited the generality and practicality of the solutions offered to educational inequality. In order to better allocate educational resources, it is necessary to explore educational inequality from the macro perspective.




2.2. ICT and Educational Inequality


ICT is an important concept in the field of information science, and represents the development of information technology. The development of ICT can help more users obtain Internet information and improve the convenience and availability of information services. Moreover, information technology plays an important role in the field of education, but the relationship between ICT and educational inequality is still at the exploratory stage.



Considering the role of ICT in the educational field, researchers have often conducted analyses of information technology from the perspective of application. Angus et al. (2004) discussed the advantages and disadvantages of ICT, finding that the availability of Internet information could affect the distribution of educational resources and relieve the seriousness of educational inequality [18]. Nachmias et al. (2010) analyzed the application of ICT in the educational field, pointing out that ICT could influence the practical ability of educational groups [19]. In addition, the development of ICT promoted cultural exchange, and strengthened the relationship between cultural capital and educational resources [20]. Tondeur et al. (2011) explored the relationship between socioeconomic status and ICT from the perspective of cultural capital, pointing out that users with more social resources would pay more attention to ICT, and get more educational resources [21]. Nath and Liu (2017) analyzed the role of ICT in imports and exports, suggesting that ICT could promote technology imports, and improve the unbalanced distribution of labor capital in different regions [22]. However, ICT might reduce the utilization efficiency of educational resources [23]. Ayanso and Lertwachara (2015) analyzed the relationship between the development and affordability of ICT, finding that the pricing process of ICT limited users’ experience and decreased the efficiency of information acquisition [24]. In terms of ICT affordability, there was a close relationship between information technology and the urban–rural gap, and digital resources could improve the efficiency of information acquisition, while users in backward areas would have difficulty enjoying the benefits of ICT [25]. Park (2017) explored the application of ICT from the perspective of the urban–rural gap, finding that ICT in rural areas was difficult to use to its advantage, and that it increased the gap between urban and rural areas in educational attainment [26]. Digital inequality in ICT could hinder the flow of information resources, and this inequality would promote the unbalanced distribution of urban and rural resources [27]. During the exploring process of the relationship between ICT and educational inequality, Billon et al. (2018) pointed out that educational inequality could mediate the relationship between Internet use and economic development, but this inequality in developing countries would restrict the effect of ICT [28].



Considering the rapid development of information technology, less research has directly explored the relationship between ICT and educational inequality. It is worth noting that ICT as a double-edged sword can widen the gap between urban and rural areas, and the balanced distribution of educational resources is difficult to achieve. Therefore, we propose the following hypotheses:



Hypothesis 1a:

There is a positive correlation between ICT and educational inequality;





Hypothesis 1b:

There is a nonlinear relationship between ICT and educational inequality.






2.3. Transportation Infrastructure and Educational Inequality


Transportation infrastructure is an important factor in promoting regional economic development, and the development of a transportation network shortens the distance between different regions and reduces the geographical restrictions on labor migration. Considering the role of transportation infrastructure in economics, there is still scant research on the effect of transportation infrastructure in the educational field. Therefore, exploring the relationship between transportation infrastructure and educational inequality could become the key element in promoting the development of human capital.



In order to obtain the relationship between transportation infrastructure and economic development, researchers have often discussed this relationship from the perspective of human capital and employment. Nunn (2004) found that transportation infrastructure in different countries could improve labor migration and promote the development of regional economy [29]. Schaffer and Siegele (2009) made an analysis of the relationship between transportation infrastructure and human capital, pointing out that transportation infrastructure could promote the ability of the labor force, and improve the average educational attainment [30]. The transportation network could affect the accessibility of jobs, while educational attainment increased the employment rate [31]. From a long-term perspective, transportation infrastructure not only shortened the distance between regions, but also changed the distribution of urban and rural resources [32]. Hannum and Wang (2006) pointed out that some geographical factors could affect the distribution of educational resources [33]. Transportation infrastructure could provide more job opportunities for rural labor, and increase income level in rural areas while reducing the gap between urban and rural areas [34,35]. Li and DaCosta (2013) explored the impact of transportation infrastructure on income inequality, pointing out that the transportation network could relieve the gap between the rich and the poor [36]. In addition, higher educational attainment would promote transportation sustainability [37]. Teulings et al. (2018) found that transportation infrastructure could improve employee welfare, but this relationship was limited by their educational attainment [38]. Given the role of transport infrastructure in the utilization efficiency of educational resources, economic development and population policy might restrict the role of transportation network in different regions [39]. Liu (2005) analyzed the impact of educational inequality on the urban–rural gap in China, suggesting that the unbalanced distribution of educational resources could directly strengthen the gap between urban and rural areas, while the hukou system would enhance this relationship [40]. Moreover, the hukou system limited the educational attainment of family members, and created more obstacles in alleviating the problem of educational inequality [2].



Based on the role of transportation infrastructure in educational field, increasing the scope of labor migration could overcome the disadvantages of the traditional education model, and encourage social groups to enjoy fair educational opportunities, reducing the restrictions of educational inequality. Therefore, we propose the following hypotheses:



Hypothesis 2a:

There is a negative correlation between transportation infrastructure and educational inequality;





Hypothesis 2b:

There is a nonlinear relationship between transportation infrastructure and educational inequality.







3. Variables and Models


3.1. Data Source


In order to obtain the relationship among ICT, transportation infrastructure, and educational inequality, this paper selected the data of 31 provinces (including 4 municipalities) in China from 2006 to 2016 as the overall sample. To ensure the reliability and accuracy of data, the data of educational inequality mainly came from the National Bureau of Statistics of China and the education statistics yearbooks of China [41,42]. The education statistics yearbooks of China mainly reflect the development of educational system in China, and include the data of students and institutions at different educational degrees. For the measurement of educational inequality, the average years of schooling was computed by the data from the National Bureau of Statistics of China, and the population at different educational degrees came from chapter one (named as the development of education) of the education statistics yearbooks. At the same time, the data of ICT and transportation infrastructure mainly came from the statistical yearbooks and transportation statistical yearbooks of various provinces [41]. The transportation statistical yearbooks include the data of transportation density and transportation investment, and the growth of transportation investment is computed by the data of Construction of Transportation Infrastructure in this kind of yearbook. The data of control variables were derived from the National Bureau of Statistics of China, the financial yearbooks, and the statistical yearbooks of various provinces [41,43]. The financial yearbooks provide the data of government revenue and expenditure, and reflect the fiscal situation of different provinces.




3.2. Variable Construction


3.2.1. Dependent Variable


Educational inequality, as the dependent variable, represents the unequal distribution of educational resources in different regions. In the measurement of educational inequality, the inequality of educational outcomes can better reveal the characteristics of educational inequality at the macro level. Referring to Zhang and Kanbur (2005) and Billon et al. (2018), we used the educational attainment Gini coefficient to measure the educational inequality of different provinces in China [28,44]. The calculation method of educational inequality is shown in Formula (1):


EduIneq=1μ∑k=2n∑j=1k−1|xk−xj|pkpj



(1)




where EduIneq represents the educational attainment Gini coefficient that measures educational inequality; μ represents the average years of schooling; pk and pj represent the proportion of the population at different levels of education; xk and xj represent the number of years of education at different educational levels; and n represents the number of educational levels, and five educational levels are selected in this paper, including no schooling, primary education, secondary education, high school education, and higher education. A higher value of this variable indicates that the unbalanced educational resources is more serious.




3.2.2. Independent Variables


Information and communication technology (ICT), as an independent variable, represents the development of information technology and the availability of information resources. In order to better understand the development of ICT at the macro level, it needs to consider the indicators in different dimensions, thereby improving the reliability and usability of the measurement method. Referring to Nath and Liu (2017), we used the development index of information and communication technology constructed by the International Telecommunication Union (ITU) to measure the ICT of different provinces in China [22,45]. The ICT Development Index can reveal the development of information technology in different regions from multiple dimensions, including ICT access, ICT use, and ICT skills, as shown in Table 1. Considering the values of other variables, we converted the value of ICT Development Index to the range from 0 to 1, with 0 indicating the minimum level of ICT development and 1 indicating the maximum level of ICT development.



Transportation infrastructure, as an independent variable, represents the development of the regional transportation network and the accessibility between cities. In the measuring process of transportation infrastructure, it was necessary to consider both the development of transportation network and the sustainability of transportation investment. Based on the development of China’s transportation infrastructure, Tong and Yu (2018) discussed different measurement methods of transportation infrastructures, but it is difficult to reflect how governments focus on transportation infrastructure from the perspectives of capital and density [46]. Considering the close relationship between transportation infrastructure and regional economy, the investment in transportation network plays an important role in the GDP competition among different provinces in China. Therefore, we referred to the method of Yu et al. (2012), and measured the variable of transportation infrastructure by using the proportion of growth of transportation investment to the regional GDP [47].




3.2.3. Controlled Variables


Macroeconomic factors have always played an important role in many studies of educational inequality, as well as social factors [28,33]. In order to be consistent with previous literature on educational inequality, we selected inflation, unemployment rate, government intervention, education expenditure, and fixed assets investment as the controlled variables to explore the influence of ICT and transportation infrastructure on educational inequality.



1. Inflation



Inflation represents the consumption ability of social groups in different regions. The degree of inflation could influence the entities of economic activities, and play an important role in maintaining social stability. The consumer price index was used to measure the degree of inflation and control for the impact of social factors on educational inequality.



2. Unemployment rate



The unemployment rate can intuitively reflect the actual demand of the labor market, and become the key factor in individual income. Changes of unemployment rate will affect social stability and limit the output of economic activities. The proportion of unemployed individuals was used to measure the regional unemployment rate, in order to control for the impact of social factors on educational inequality.



3. Government intervention



Government intervention represents the role of local government in the development of regional economy. Given the economic competition among different provinces, government intervention could determine the structure of regional industries and the goal of economic development. From the differences of regional industrial structure, the economic development strategies of local governments will affect the output of economic activities, as well as the distribution of educational resources. The proportion of government fiscal expenditure to the regional GDP was used to measure government intervention, to control for the impact of economic factors on educational inequality.



4. Education expenditure



Education expenditure is an important component of government expenditure, and represents government investment in the educational field. Although the development of regional economy can promote education expenditure, the impact of the demographic factor should not be ignored. The proportion of fiscal expenditure on education to the regional population was used to measure education expenditure, and to control for the impact of economic factors on education inequality.



5. Fixed assets investment



Fixed asset investment represents the government investment in infrastructure construction. From the perspective of regional economy, infrastructure construction can provide abundant guarantees for economic activities, and can also improve the quality of life. Compared to other types of resources, the application of educational resources is more dependent on the development of infrastructure. The proportion of total fixed assets investment to the regional GDP was used to measure fixed asset investment, in order to control for the impact of economic factors on educational inequality.



The introductions and definitions of all variables are shown in Table 2.





3.3. Empirical Models


In the exploring process of educational inequality, ICT and transportation infrastructure will have a corresponding impact on the distribution of educational resources from the information dimension and the space dimension. In order to obtain the relationship among ICT, transportation infrastructure and educational inequality, the panel data model was used to analyze this relationship. Because the unbalanced distribution of educational resources is difficult to alleviate in a short time, we used the dynamic panel data model to empirically test the research hypotheses and control the province fixed effects and the year fixed effects. The dynamic panel data model can better explain the dynamic features of educational inequality, and the lag item of educational inequality will show the continuity of unequal distribution of educational resources. Furthermore, controlling the province fixed effects and the year fixed effects can properly demonstrate the impact of ICT and transportation infrastructure from the macro perspective.


EduIneqi,t=c+α0EduIneqi,t−1+α1ICTi,t+α2TRANSi,t+β1INFLi,t+β2UNEMi,t+β3GOVi,t+β4GOVi,t−1+β5EDUi,t+β6EDUi,t−1+β7FIVi,t+β8FIVi,t−1+μi+ωt+εi,t



(2)







Formula (2) is the basic model of this paper. Considering the continuity of economic activities, the lagged items of partial control variables are introduced to better control the impact of economic factors on educational inequality. EduIneqi,t indicates the educational inequality of i province in t year; ICTi,t indicates the ICT of i province in t year; TRANSi,t indicates the transportation infrastructure of i province in t year; INFLi,t indicates the inflation of i province in t year; UNEMi,t indicates the unemployment rate of i province in t year; GOVi,t indicates the government intervention of i province in t year; EDUi,t indicates the education expenditure of i province in t year; FIVi,t indicates the fixed assets investment of i province in t year; μi and ωt are the province fixed effect and the year fixed effect, respectively; εi,t is the error term.



Considering the research hypotheses in Section 2.2 and Section 2.3, there may be a nonlinear relationship between ICT or transportation infrastructure and educational inequality. Therefore, Formula (2) is converted to Formula (3) and Formula (4).


EduIneqi,t=c+α0EduIneqi,t−1+α1ICTi,t+α2ICTi,t2+β1INFLi,t+β2UNEMi,t+β3GOVi,t+β4GOVi,t−1+β5EDUi,t+β6EDUi,t−1+β7FIVi,t+β8FIVi,t−1+μi+ωt+εi,t



(3)







Formula (3) introduces the square of ICT and explores the nonlinear relationship between ICT and educational inequality, which could fully demonstrate the impact of information technology on the distribution of educational resources.


EduIneqi,t=c+α0EduIneqi,t−1+α1TRANSi,t+α2TRANSi,t2+β1INFLi,t+β2UNEMi,t+β3GOVi,t+β4GOVi,t−1+β5EDUi,t+β6EDUi,t−1+β7FIVi,t+β8FIVi,t−1+μi+ωt+εi,t



(4)







Formula (4) introduces the square of transportation infrastructure and explores the nonlinear relationship between transport infrastructure and educational inequality, which could comprehensively reveal the impact of the transportation network on the distribution of educational resources.





4. Research Results


4.1. Descriptive Statistics


In our empirical analysis, we used the data of 31 provinces (including 4 municipalities) in China to explore the impact of ICT and transportation infrastructure on educational inequality. It was necessary to make a descriptive statistical analysis to exhibit the characteristics of all variables. The results of descriptive statistics are shown in Table 3.



Among different variables, the standard deviation of the educational inequality (0.0535) was low, indicating that there are a few differences of educational inequality among different regions. In addition, the minimum of educational inequality (0.1699) was close to its mean (0.2287), while the maximum (0.5301) was twice as high as its mean (0.2287), indicating that the unbalanced distribution of educational resources in some regions has been very serious. The range between the minimum (0.0753) and the maximum (0.7557) of ICT was quite large, indicating that there are obvious differences in the availability of information resources between different regions, which would promote the unequal distribution of educational resources. However, the standard deviation of transportation infrastructure (0.0251) was low, but the range between the minimum value (0.0043) and the maximum value (0.1905) was large, which indicates that the transportation investment is concentrated in the part of provinces. In the descriptive statistical results of control variables, it can be seen that the standard deviations of government intervention and fixed assets investment were higher than other variables, which indicates that the governments of different regions have greater differences in management efficiency and development goals. In addition, the standard deviations of inflation and unemployment rate were lower than other variables, reflecting the efforts of local governments in social stability. The range between the maximum (0.5163) and minimum (0.0223) of education expenditure was quite large, and the mean (0.1341) was much higher than the minimum (0.0223), which indicates that the financial resource allocation for education in each province is quite unbalanced, and educational investment would also be affected by regional economy.



Before empirical analysis, it was necessary to take the unit root test to analyze the stationarity of all variables mentioned in Section 3.2. Four kinds of unit root test methods were selected in this paper, including LLC test, IPS test, ADF-Fisher test, and PP-Fisher test. Combined with the results of the unit root test in Table A1 (Appendix A), all variables were integrated to the first-order, and were stationary under the same conditions, ensuring the reliability and accuracy of empirical results.




4.2. Empirical Results


4.2.1. Regression Analysis of the Overall Sample


In order to solve the unbalanced distribution of educational resources, we selected the data of 31 provinces in China to conduct an empirical analysis of educational inequality from the perspective of developing countries. Considering the regional development of China, the overall sample was used to analyze the impact of information technology and transportation network, and the empirical models were constructed by Formula (2), Formula (3), and Formula (4) to explore the linear and nonlinear relationships among ICT, transportation infrastructure, and educational inequality. Based on the results of discriminating the type of panel data model (Table A2 in Appendix A), the fixed effect model should be established to better explore the impact of ICT and transportation infrastructure on educational inequality. The regression results of overall sample are shown in Table 4.



In the regression analysis of the overall sample, Model 1 and Model 2 explore the impact of ICT or transportation infrastructure on educational inequality. Model 3 explores the relationship among ICT, transportation infrastructure, and educational inequality based on Formula (2). Model 4 explores the nonlinear relationship between ICT and educational inequality based on Formula (3). Model 5 explores the nonlinear relationship between transportation infrastructure and educational inequality based on Formula (4).



By comparing the results of Model 1 and Model 2, it can be seen that there is a positive relationship between ICT and educational inequality, while transportation infrastructure has a negative impact on educational inequality. The results of Model 1 and Model 2 reveal that, under the condition of single factor, ICT could limit the availability of educational information, thus promoting the unequal distribution of educational resources, while transportation infrastructure would provide more educational opportunities for social groups while alleviating the rising inequality in the educational field. The results of Model 3 were similar to those of Model 1 and Model 2, indicating that ICT and transportation infrastructure can have significant effects on educational inequalities at the same time, but their effects are inverse, which supports Hypothesis 1a and Hypothesis 2a. In the results of Model 4, there was no significant nonlinear relationship between ICT and educational inequality. According to the results of Model 5, there is a significant inverted U-shaped relationship between transportation infrastructure and educational inequality, indicating that transportation infrastructure could promote educational inequality at some specific levels of transportation network development, and that the growth of transportation investment would strengthen the impact of transportation infrastructure on alleviating the unbalanced distribution of educational resources, which supports Hypothesis 2b.




4.2.2. Regression Analysis of the Overall Sample in Different Periods


The development of education depends on educational resources and educational policies, so education policy plays an important role in alleviating the problem of educational inequality. Given the changes of the education system in China, the government has enacted the reform policy of the education system since December 2010, and the goal of this policy is to adjust the distribution of educational resources, reducing the seriousness of educational inequality in different regions [48]. During the process of exploring the relationship among ICT, transportation infrastructure, and educational inequality, the overall sample was divided by the year of reform policy into different periods. The regression results of the overall sample in different periods are shown in Table 5.



According to the year of education system reform in China, we divided the overall sample into 2 sub-periods: pre-reform (2006–2010) and post-reform (2011–2016). Model 6, Model 7, and Model 8 were concentrated on the linear and nonlinear relationships between ICT, transportation infrastructure, and educational inequality from 2006 to 2010. Model 9, Model 10 and Model 11 were concentrated on these relationships from 2011 to 2016.



From the regression results of Model 6 and Model 9, it can be found that there was no significant relationship among ICT, transportation infrastructure, and educational inequality before the education system reform. However, after implementing the reform policy of education system, there was a significant positive correlation between ICT and educational inequality, while transportation infrastructure had a significant negative impact on educational inequality. The results of Model 6 and Model 9 demonstrate that the reform policy of education system has strengthened the relationship among ICT, transportation infrastructure, and educational inequality, and that educational policy could indirectly influence educational inequality from different aspects. By comparing the results of Model 7 and Model 10, there was a significant inverted U-shaped relationship between ICT and educational inequality before the education reform, while this relationship became insignificant after the implementation of the reform policy of education system, indicating that this reform policy has changed the impact mechanism of information technology on the distribution of educational resources. In comparison with the results of Model 8 and Model 11, there was no significant nonlinear relationship between transportation infrastructure and educational inequality during different periods.




4.2.3. Regression Analysis of the Overall Sample in Different Regions


In the application of educational resources, the geographical location and the economic development of different regions play an important role in improving the distribution of educational resources. Compared with other countries, China’s financial resources and political resources are mostly concentrated in the eastern region, while the western region, as the economically backward area, gets fewer resources. Faced with this situation, the overall sample was divided into three subsamples based on the three major regions in China. The eastern regions included 11 provinces and cities, namely Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The central regions included 8 provinces and cities, namely Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan. The western regions included 12 provinces and cities in the western regions, including Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. The regression results of the overall sample in different regions are shown in Table 6.



By comparing the results of Model 12, Model 15, and Model 18, there was no significant correlation between ICT and educational inequality in different subsamples, indicating that the development of information technology would not affect the unbalanced distribution of educational resources in three major regions. However, transportation infrastructure in the western regions has a significant negative impact on educational inequality, but the influence of transportation network is not significant in the eastern regions and the central regions. It is worth noting that the development of transportation infrastructure has brought more educational opportunities to economically backward regions, and improved the unbalanced distribution of educational resources, which supports the results of Chen et al. (2016) [39]. In addition, there was no significant non-linear relationship between ICT and educational inequality in three major regions, and the effects of ICT were similar to the results of overall sample. Through comparison with the results of Model 14, Model 17, and Model 20, there was a significant inverted U-shaped relationship between transportation infrastructure and educational inequality in the western regions, but this kind of relationship was not significant in other major regions, indicating that the development of transportation network could effectively improve the acquisition efficiency of external resources in economically backward areas, and significantly relieve the problem of educational inequality.






5. Discussion


From the results of the empirical analysis, the relationships among ICT, transportation infrastructure, and educational inequality were different in the overall sample and the subsamples. In previous studies on ICT, the affordability of information technology has been shown to change the role of ICT in the educational field [18,24]. However, transportation infrastructure as an important factor in promoting the economic development can bring more opportunities for the labor force [39,46,47]. Based on the results of the overall samples, the findings provide insight into the impact of ICT on educational inequality, which may be affected by the affordability of information services. The allocation of educational resources will be more unreasonable, and the results of ICT’s impact were similar to the findings of Ayanso and Lertwachara (2015) [24]. ICT changes the utilization efficiency of educational resources, and helps some learners to obtain more educational information. However, the affordability of information technology can widen the gap between users in the process of resource acquisition, and this situation may also promote inequality of educational outcomes, just like the discussions of ICT in Angus et al. (2004) [18]. It is worth noting that the development of transportation infrastructure can provide more educational opportunities for the labor force, thus alleviating educational inequality, and this is similar to the results of job accessibility in Schaffer and Siegele (2009) [30]. Compared to the impact of information technology, transportation infrastructure could shorten the distance between regions, and provide better transportation services for labor migration [39]. Unlike previous research on transportation infrastructure, the nonlinear relationship between transportation infrastructure and educational inequality was tested in this paper. Combined with the inverted U-shaped relationship, it was found that the sustained growth of transportation investment would bring more educational opportunities to social groups, and reduce the adverse impact of educational inequality from a long term perspective.



While exploring the impact of educational reform policy, the roles of ICT and transportation infrastructure in educational field are changed. The goal of education reform is to solve the problem of educational inequality, and educational policy can influence the distribution of educational resources from different areas [4]. Since the Chinese education system reform, government regulators have put more effort into the allocation of educational resources [2]. From the results of overall samples in different periods, the efforts of regulators raise the limitations of information services for the availability of educational resources, which supports the findings of Braga et al. (2013) [4]. It is interesting to note that the impact mechanism of ICT has changed from the nonlinear type into the linear type, and this finding can be explained by the results of the digital divide in Chao and Yu (2016) [25]. Moreover, the conflict between the hukou system and educational equality is an important problem, while the development of the transportation network can alleviate the restrictions of the hukou system on educational opportunities, which is similar to the results of Golley and Kong (2018) [2]. In the results of China’s three major regions, the role of transportation infrastructure in economically backward regions was very important, and should not be ignored by government regulators and researchers. Compared with other regions, economic development in the western regions has been restricted by external resources for a long time, and most human resources in the western regions have moved to other major regions, so it is difficult to develop and upgrade the real industry [46]. Faced with this difficulty, the growth of transportation investment could significantly improve the acquisition efficiency of external resources in the western regions, and the industrial structure would be upgraded accordingly. From the perspective of educational opportunities, the hukou system has a stronger limitation on educational groups in the eastern and central regions [2]. However, the development of the transportation network would bring more educational opportunities to the western regions, and improve the utilization efficiency of educational resources. Compared with the results of Yu and De (2012), the findings of transportation infrastructure in different regions can help government regulators to design the population policy, and transportation investment will motivate the allocation of essential educational resources [47].




6. Conclusions and Recommendations


Educational attainment is the basic element of human capital, while the unbalanced distribution of educational resources can lead to the problem of educational inequality. At the same time, educational inequality has hindered the development of education, and this kind of inequality directly influences the development of regional economy. In developing countries, government regulators have tried to upgrade the industrial structure from labor-intensive to technology-intensive, but this sustainable development strategy has been limited by educational inequality. Considering the difficulties of industrial transformation, many countries still depend on labor-intensive industries, while human capacity struggles to match the development of production technology. The labor market is an important factor in improving the output of economic activities, but educational inequality may limit the skills of the labor force.



Alleviating the problem of educational inequality requires considerable time, and needs to consider many factors from different dimensions. Based on a sample of 31 provinces in China from 2006 to 2016, we constructed panel data models to analyze the linear and nonlinear relationships among ICT, transportation infrastructure, and educational inequality. Combined with the characteristics of economic development in China, ICT could bring convenient information services to users, but such services limit the acquisition efficiency of information resources for some users. The affordability of information technology widens the gap between users in terms of information acquisition, which reduces the generality and availability of educational resources. On the other hand, transportation infrastructure could effectively shorten the distance between cities and reduce geographical restrictions on educational opportunities. Considering China’s population policy, the hukou system has restrained the labor force to obtain equal educational opportunities for a long time, while the development of transportation network can largely alleviate this problem. In addition, the effect of transportation infrastructure on educational inequality would increase with the growth of transportation investment, reflecting the important role of the transportation network in resource allocation.



After the implementation of the education system reform in China, the roles of ICT and transportation infrastructure in educational field have been strengthened, indicating that the reform policy could enhance the relationship among information technology, transportation network, and educational resources. In addition, the education system reform changes the impact mechanism of ICT on educational inequality, which helps government regulators flexibly control the effect of ICT. Furthermore, transportation infrastructure in the western regions could significantly alleviate the seriousness of educational inequality, and its effect would increase the growth of the transportation investment. Considering the characteristics of different major regions, the western regions, as the economically backward areas, have long suffered from the problem of labor loss, while the development of transportation network brings more external resources to the western regions, guaranteeing the regional economic development.



There are some limitations of our work in terms of the research design and the empirical analysis. For the research design, the growth of transportation investment was used to measure the variable of transportation infrastructure, but measurement methods of transportation density and transportation capital were not selected in this paper. Considering the economic environment in China, transportation investment could more directly represent the development status of transportation network. For the empirical analysis, different subsamples were obtained according to the China’s three major regions, but the results could not demonstrate the relationship between ICT and educational inequality in the eastern regions and central regions. Future research could take into account the different measurements of transportation infrastructure, and this method of variable construction will match the characteristics of economic development for various countries. Moreover, the impact of educational reform policy on ICT is important for studies on educational inequality, and this should be the starting point for the future related studies. Furthermore, different division methods of subsamples can be used to explore the internal characteristics of overall sample, which will provide a comprehensive explanation for the emergence of educational inequality.
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Table A1. Results of the unit root test.






Table A1. Results of the unit root test.





	Variables
	LLC
	IPS
	ADF-Fisher
	PP-Fisher
	Stable or Not





	EduIneq
	−6.1363 ***
	1.3983
	46.6849
	94.6206 ***
	No



	ICT
	−8.3802 ***
	−1.4766
	82.569 **
	112.274 ***
	No



	TRANS
	−10.8197 ***
	−3.5485 ***
	125.39 ***
	138.475 ***
	Yes



	INFL
	−35.1408 ***
	−9.0169 ***
	244.058 ***
	449.23 ***
	Yes



	UNEM
	−9.5518 ***
	−1.7777 **
	98.8156 ***
	101.764 ***
	Yes



	GOV
	−10.0648 ***
	−1.1293
	78.9216
	53.2447
	No



	EDU
	−5.4649 ***
	−0.4543
	68.6602
	51.8042
	No



	FIV
	−10.5637 ***
	−1.3802
	88.161 **
	94.6012 ***
	Yes



	ΔEduIneq
	−18.6069 ***
	−4.6505 ***
	179.14 ***
	304.595 ***
	Yes



	ΔICT
	−14.3184 ***
	−3.8374 ***
	156.852 ***
	276.858 ***
	Yes



	ΔTRANS
	−19.3405 ***
	−5.1003 ***
	188.87 ***
	295.705 ***
	Yes

