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Abstract

:

This study is an exploration of the digital divide between urban and rural areas, and it was conducted to assess the impact of the minimum living guarantee system on online education in China. The results of the research showed that 83.38% of students in low-income families have been able to participate in online education at home during the pandemic, while 16.62% of students in low-income families have been unable to do so. The absence of computers, smartphones, and broadband Internet access in low-income households reduces the likelihood of children being able to participate in online education at home. In terms of accessing online education at home, students from urban areas have obvious advantages over those from rural ones, and students from minimum living guarantee families have obvious advantages over those from marginal minimum living guarantee ones. This study also showed that the presence of online education-related amenities, including computers, smartphones, and Internet access, mediates the relationship between the subsistence allowance system, Hukou, and accessibility of online education. To address this issue, this paper includes suggestions for bridging the digital divide in online education.
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1. Introduction


At the beginning of 2020, the COVID-19 pandemic spread rapidly, affecting more than 200 countries and regions. While the pandemic has affected the economic and social lives of people worldwide, it has also severely restricted education and instruction across the globe. According to UNESCO reports released in March 2020, about 102 countries and regions worldwide suspended classroom instruction, and more than 850 million children, or half of the world’s student population, could no longer attend school due to the outbreak of the pandemic [1]. Online education has become the safest choice for providing instruction during the pandemic, and various countries have taken active measures to promote the development of remote instructional methods [2,3]. However, the inequities that affect access to online education have also become more prominent because of the pandemic [4]. In fact, the visibility of the digital divide in online education has increased more during the COVID-19 pandemic than could previously have been imagined [5]. The “digital divide” is the information gap that exists between individuals, groups, and nations, which is due to the unequal allocation of Information and Communication Technologies (ICT) access and use [5,6,7]. How to bridge the digital divide in online education and ensure fair and equal access to high-quality instruction is a problem faced by countries worldwide [8].



As one of the first countries to be hit by the pandemic, China actively responded to the challenge posed to education and instruction [9]. On 21 January 2020, China’s Ministry of Education issued a notice requesting that pandemic prevention and control efforts be reflected within the education system by delaying the start of the 2020 spring semester and calling on primary and secondary schools to use online platforms to “suspend classes without stopping teaching and without stopping school”. This constituted the most substantial online teaching initiative in human history and required tens of millions of students to complete the conversion from offline to online learning virtually overnight. Online education has thus received unprecedented attention, replacing traditional offline classrooms as the main learning context for students during the pandemic [10]. Teachers and students no longer meet in person as usual [11]. Regardless of whether they were willing or prepared to do so, students were forced to adapt quickly to this change in instructional delivery. Online education has partially compensated for the lack of classroom instruction during the crisis. However, the deficiencies in the network environments and hardware to which low-income rural families have access merit continued attention.



This study was based on survey data from 2401 low-income families in China and was conducted with the aim of assessing the accessibility of online education to students from such families during the pandemic; subsequently, the impact of the digital divide is highlighted. The “first-level digital divide” remains a problem even in technologically advanced countries [12]. The term refers to the gap in ownership of such technologies and the lack of information and communication-related technology and tools among some segments of the population, and it is sometimes also referred to as the “first-generation digital divide”. Richard [6] proposed that the term “digital divide” should be used to refer to differences between various social classes’ opportunities to access information and communication-related technologies. This divide requires continued attention because, in addition to considering whether a student has an Internet connection, differences in hardware access must be considered [13]. The research questions are focused on probing the first-level digital divide in terms of access to online education. The first level pertains to whether the digital infrastructure in low-income households is sufficient, including the smart terminals and broadband networks required for online education, and whether access to it is equitable. On this basis, further research was conducted on whether the related amenities, such as computers, smartphones, and Internet access, mediated the impact of the urban/rural divide and the minimum living guarantee policy on the accessibility of online education.




2. Literature Review and Hypothesis Development


Throughout the pandemic, the massive application of online learning practices has fully exposed the imbalances in the provision of online education to students in various regions, urban and rural areas, and schools, which are manifested in obvious differences in communications infrastructure and digital education resources across China [9,14]. In addition, the importance of a student’s family environment in online learning outcomes has become increasingly prominent [15]. A student’s home environment has a decisive impact on the effects of online learning programs. The hardware necessary for engaging in online learning activities is mainly provided by students’ families. The great disparities forming the digital divide have highlighted the imbalances between students’ families in terms of access to online education opportunities. The large-scale implementation of online instruction during the pandemic has provided us with a good opportunity to evaluate the status quo of online education and its impact on families in urban and rural areas in light of the digital divide in China. Such research not only holds the potential to become an important guiding force in helping China to bridge the digital divide in online education; it can also provide a useful frame of reference for countries seeking to promote equal access to education through the development of online education delivery methods that are equitable [16].



Online education has developed rapidly with the increased use of the Internet and the widespread availability of personal computers [17]. E-learning activities can be carried out regardless of differentials in time and space, and the scope of online education has thus expanded [18]. The viability of online education is restricted by many objective family circumstances, however. Students receive online education at home, and household conditions are important factors affecting the outcomes of online education [19]. Students must access online education at home, so various amenities, including computers, smart phones, and access to a broadband network, are necessities [20]. Families in various socioeconomic circumstances tend to have different levels of access to such amenities, which inevitably affects students’ access to digital resources and causes a digital divide to develop between families with personal computers and those that cannot afford them [21]. Reflecting a typical mobile learning method, smartphone terminals have enhanced the convenience and accessibility of mobile online education [22]. When students lack personal computers and smartphones, it is difficult for them to participate in online education at home without external help from neighbors, communities, and local government [20]. In the context of online learning at home, the previously mentioned smart terminal equipment typically requires broadband Internet access [23]. Thus, the availability of a broadband Internet connection and the implementation of online education initiatives are complementary [24]. Given the parameters of the discussion outlined above, the following three hypotheses are proposed:

Hypothesis 1.

Having a personal computer at home has a positive impact on a student’s access to online education.





Hypothesis 2.

Having a smartphone at home has a positive impact on a student’s access to online education.





Hypothesis 3.

Having a broadband Internet connection at home has a positive impact on a student’s access to online education.







With the continuous development of the economy and the gradual deepening of digital transformations, the digital divide that plagues disadvantaged groups, such as low-income families, has become increasingly obvious [25]. China has established a minimum living guarantee system to guarantee a minimum standard of living for the lowest-income families [26]. “Minimum living guarantee” families are those headed by parents whose monthly income is lower than the standard local minimum living allowance due to physical disability or illness. These parents can enjoy a national minimum living guarantee subsidy, and the government provides educational subsidies to address the issue of funding their children’s education. The digital gap between families in urban and rural areas can further enlarge the differences in families’ ability to invest in educational capital, exacerbating gaps in educational opportunities and achievements and precipitating the consolidation of social classes [27]. In the construction of digital infrastructure, there is often a large divide between urban and rural areas [28]. Compared to urban areas, rural ones tend to lag in constructing digital infrastructure [29]. The dropout rates of rural distance students are higher than those of their urban counterparts [30]. The digital divide between urban and rural areas has further expanded during the pandemic, causing online education to face unprecedented challenges [5]. The urban–rural divide can be measured by Hukou [31]. Hukou, also known as “household registration,” refers to a legal document prepared by the state administrative agency in charge of household registration to record and retain basic information about the composition of households [32]. There is a negative correlation between agricultural Hukou and access to computers, learning software, and the Internet, which restricts students with agricultural Hukou from receiving online education at home [33]. Given the discussion described above, the following two hypotheses are proposed:

Hypothesis 4.

The presence of a subsistence allowance has a positive impact on the accessibility of online education.





Hypothesis 5.

The agricultural Hukou has a negative impact on the accessibility of online education.







The presence of a subsistence allowance has a positive impact on the accessibility of online education because it results in improved access to the amenities required to participate in online education at home [20]. Minimum living guarantee families that receive special funding for education from the government can use the money they receive to purchase the equipment required for online education and pay for access to broadband networks [34]. Therefore, the presence of online education-related amenities, including computers, smartphones, and an Internet connection, can play a mediating role in the impact of the subsistence allowance system on the provision of online education. The digital divide between urban and rural areas can lead to gaps in access to the amenities required for online education, reflecting disparities in the accessibility of online education to students from urban and rural families [28,29]. Therefore, such amenities, including computers, smartphones, and an Internet connection, can play a mediating role in the impact of the Hukou system on online education outcomes. Given the discussion outlined above, the following two hypotheses are proposed:

Hypothesis 6.

The presence of online education-related amenities, including computers, smartphones, and an Internet connection, mediates the relationship between the presence of subsistence allowance systems and the accessibility of online education.





Hypothesis 7.

The presence of online education-related amenities, including computers, smartphones, and an Internet connection, mediates the relationship between Hukou and accessibility of online education.







Figure 1 is a graphical representation of the proposed theoretical model and the hypotheses to be tested.




3. Sample, Variables, and Method


3.1. Sample


The data used in this study were obtained from a comprehensive survey of Chinese low-income families in 2020, which was designed by the Ministry of Civil Affairs of the People’s Republic of China and conducted by the Institute of Social Science Study (ISSS) at Peking University. The survey sample included low-income households such as urban and rural minimum living guarantee families and marginal minimum living guarantee families. For the majority of low-income families in China, an important subsistence allowance comes from China’s Minimum Living Standard Guarantee System [35]. Households with family per capita income lower than local minimum living standard guarantee thresholds can apply for China’s Minimum Living Standard Guarantee System [36]. The families that receive this allowance are the minimum living guarantee families. The marginal minimum living guarantee families are families whose per capita income is slightly higher than the minimum living standard guarantee threshold and cannot be covered by the minimum living guarantee system [37].



The aim was to objectively assess the economic status of the families in terms of the difficulties they faced, the reasons for their poverty, and their needs in terms of social policies. The survey was conducted via telephone through computer-assisted telephone interviews (CATIs). Questions related to the COVID-19 pandemic were added to the 2020 questionnaire to assess the impact of the pandemic on low-income families and included items regarding how children from low-income families accessed online education at home during the pandemic. In this survey sample, there were 2683 households with children, of which 2401 included children receiving compulsory education. Therefore, these 2401 households were included in the final sample for this study.




3.2. Measurement


The respondents were asked the following question: “During the 2020 COVID-19 pandemic, were there any children in your family taking online classes?” The aim of asking this question was to measure the distribution of dependent variables. A positive answer was defined as 1, and a negative answer was defined as 0.



In this study, a set of two-category variables related to the hardware required for online education was used to measure the first level of the digital divide in online education. This set included whether the student had access to a personal computer, smartphone, and broadband Internet connection at home. For example, the respondents were asked the following question: “Do you currently have the following item (personal computer) in your home?” A positive answer was defined as 1, and a negative answer was defined as 0. The internal consistency had a Cronbach  α  of 0.86. The test–retest reliability of those measurements had a weighted  κ  of 0.76. In addition, before this survey, three rounds of pilot surveys were conducted to test the measurement validity of the questionnaire. The final questionnaire was formed to ensure the validity of the questionnaire by deleting the questions with low measurement validity.



To account for individual families’ differences, we considered the variable “subsistence allowance”. In this study, the subsistence allowance had been defined operationally as the minimum living guarantee allowance. If a family received a subsistence allowance and was a minimum living guarantee family, it was defined as 1; otherwise, it was defined as 0. The Hukou system is a mandatory household registration system in China that assigns an individual either an urban/non-agricultural Hukou or a rural/agricultural Hukou based on one’s birthplace [38]. Although the “floating population” exists, which is defined as those whose usual places of residence are in urban areas but who still hold agricultural Hukou or those whose usual places of residence are in rural areas but who still hold non-agricultural Hukou [39]. However, academics are still accustomed to using non-agricultural Hukou/agricultural Hukou to distinguish urban and rural samples [40,41]. According to this convention, to account for urban and rural differences, we considered the variable Hukou (agricultural and non-agricultural).




3.3. Statistical Modeling


We used a chi-square analysis and t-tests to describe the binary correlation between the influencing factors and access to online education. In this study, a multivariate logistic regression analysis was conducted to test each hypothesis in the theoretical model using STATA 15. The significance level was set at α = 0.05, and all the tests were two-tailed.



First, the following logistic regression model was used to assess the impact of online education-related amenities at home and individual family attributes on the accessibility of online education:


  L o g i t   P ( Y = 1   |   X ) = ln   P ( Y = 1   | X )   1 − P ( Y = 1   | X )   =  α j  + β X + e  



(1)







Here, Y is the accessibility of online education to a student and is a categorical variable of 0 or 1. A value of 1 means that a student can access online education at home, and 0 means that they cannot do so. X includes five explanatory variables: whether there is a personal computer at home, whether there is a smartphone at home, whether there is access to a broadband network at home, whether a household qualifies as low-income, and whether a household is part of a rural agricultural Hukou. The five explanatory variables were all based on categorical variables of 0 and 1.



On this basis, we further examined whether family attributes would affect the accessibility of online education through the presence of online education-related amenities. According to the mediating variable test method proposed by Baron and Kenny [42], when the dependent variable is a categorical variable, the logistic model can be used to perform an empirical test of the mediating variable through the following three steps:


   Y ′  = L o g i t   P ( Y = 1   |   X ) = ln   P ( Y = 1   | X )   1 − P ( Y = 1   | X )   =  i  1 j   + c X +  e 1   



(2)






  M = L o g i t   P ( M = 1   |   X ) = ln   P ( M = 1   | X )   1 − P ( M = 1   | X )   =  i  2 j   + a X +  e M   



(3)






   Y ″  = L o g i t   P ( Y = 1   |   M , X ) = ln   P ( Y = 1   | M , X )   1 − P ( Y = 1   | M , X )   =  i  3 j   +  c ′  X + b M +  e y   



(4)







This study is an examination of whether personal computers, smartphones, and access to a broadband network are mediating variables that affect the accessibility of online education in low-income and rural households. Therefore, in Formulas (2)–(4), X includes the two independent variables indicating whether a household is low-income or agricultural Hukou household. M is the mediating variable, pertaining to items such as whether there is a personal computer at home, whether there is a smartphone at home, and whether there is access to a broadband network at home.    Y ′    and   Y ″   refer to the same variable, namely whether online education is accessible. In the empirical test, X contains two variables, namely, minimum living guarantee households and agricultural Hukou households, which correspond to    x 1    and    x 2   . Correspondingly, the regression coefficients in Formula (3) are    a 1    and    a 2   , respectively, and the regression coefficients in Formula (4) are    c 1 ′    and    c 2 ′   , respectively.





4. Results


The online education results of the respondents are presented in Table 1. In 2020, 83.38% of the students in the sample participated in online education at home (N = 2002), while 16.62% did not do so (N = 399).



In terms of physical equipment, the proportion of households that owned personal computers and smartphones was 23.7% and 88.90%, respectively, while 62.8% of the households surveyed had broadband Internet access. A total of 55.9% of the households received subsistence allowances, and 71.9% of the households belonged to the agricultural Hukou category.



Table 1 shows a combination of statistics related to access to online education and household-level characteristics in 2020. The binary crosstabs show that the students who reported being able to receive online education were more likely to come from families that had access to personal computers, smartphones, and broadband Internet access. It seems that Hukou status had an impact on the accessibility of online education, while the presence of a subsistence allowance did not.



Table 2 presents the results of the multivariate logistic regression analysis. The Cox and Snell R square values were 0.143, and the    ρ 2    (Nagelberke) was 0.189. The value of the −2 log likelihood was 2026.99. The chi-square value was 132.84, which was significant (p = 0.000).



The results of this analysis show that in 2020, students in families that reported owning personal computers were more likely to report having access to online education than those that did not have access to such technology (OR = 1.639; 95% CI: 1.171–2.292). Thus, Hypothesis 1 was confirmed. Students in families that reported owning smartphones were more likely to have access to online education than those in families that did not own smartphones (OR = 1.821; 95% CI: 1.339–2.475). Thus, Hypothesis 2 was confirmed. Students in families with access to broadband networks were more likely to have access to online education than families without it (OR = 1.752; 95% CI: 1.373–2.233). As such, Hypothesis 3 was also confirmed.



In addition, the students in families receiving subsistence allowances were more likely to have access to online education than those in families that did not receive an allowance (OR = 1.403; 95% CI: 1.117–1.761). Thus, Hypothesis 4 was confirmed. Students in families with agricultural Hukou status were less likely to have access to online education than those that belonged to the non-agricultural Hukou category (OR = 0.387; 95% CI: 0.284–0.528). Thus, Hypothesis 5 was confirmed.



To test the impact of the subsistence allowance system and Hukou systems on access to online education and the mediating role of online education-related amenities, we conducted empirical testing implementing three rounds of mediating variable regressions. In the first round, whether there was a personal computer at home was used as a mediating variable to examine the impact of income and Hukou status on access to online education. In the second round, whether there was a smartphone in the home was used as a mediating variable to examine the impact of income and agricultural Hukou status on access to online education. In the third round, whether there was access to a broadband network at home was used as a mediating variable to examine the impact of income and Hukou status on access to online education. The results of the three rounds of intermediate variable tests are summarized in Table 3.



According to the results of the first round of regressions in Table 3, among low-income households, the probability of having a personal computer was 1.64 times that of non-subsistence households (OR = 1.64; 95%: 1.335–2.015). The probability of agricultural Hukou households having a computer was only 34.2% of that of non-agricultural Hukou households (OR = 0.342; 95%: 0.257–0.384). In addition, when there was a computer mediation effect, in low-income households, the probability that children in subsistence households could access adequate resources for online education at home was 1.297 times that of non-subsistence households (OR = 1.297; 95%: 1.038–1.623), and the probability that children of agricultural Hukou households could access adequate resources for online education at home was only 39.5% of that of non-agricultural Hukou households (OR = 0.395; 95%: 0.29–0.538). Children with a personal computer at home were 2.108 times more likely to be able to participate in online education at home than children without one (OR = 2.108; 95%: 1.525–2.916). The regression coefficients shown above are all significant, indicating that the availability of a personal computer has an intermediary effect on the impact of the minimum living guarantee and household registration on online education outcomes.



According to the results of the second round of regressions in Table 3, among low-income households, the probability of having a smartphone was 1.678 times that of non-subsistence households (OR = 1.678; 95%: 1.303–2.6). Agricultural Hukou households were only 28% more likely to own a smartphone than non-agricultural Hukou households (OR = 0.28; 95%: 0.185–0.425). In addition, when there was an intermediary effect of smartphones, among low-income families, the average probability that children in subsistence households could access online education at home was 1.331 times that of non-subsistence households (OR = 1.331; 95%: 1.062–1.668), and the probability that children in agricultural Hukou households could access online education at home was only 34.1% of that of non-agricultural Hukou households (OR = 0.341; 95%: 0.252–0.463). Children with smartphones at home were 2.525 times more likely to be able to access online education at home than children without them (OR = 2.525; 95%: 1.896–3.361). The regression coefficients mentioned above were all significant, indicating that the availability of a smartphone at home has a mediating effect on the impact of subsistence insurance and household registration on online education outcomes.



According to the results of the third round of regressions in Table 3, among low-income households, the probability of having access to a broadband network was 1.396 times that of non-subsistence households (OR = 1.396; 95%: 1.179–1.654). Agricultural Hukou households were only 29.9% more likely to have access to a broadband network than their non-agricultural Hukou counterparts (OR = 0.299; 95%: 0.206–0.438). In addition, when the mediating effect of access to a broadband network is taken into account, among low-income families, the average probability that children in subsistence households will have access to online education at home is 1.323 times that of non-subsistence households (OR = 1.323; 95%: 1.057–1.657), and the probability that children in agricultural Hukou households will be able to access online education at home is only 36.1% of that of non-agricultural Hukou households (OR = 0.361; 95%: 0.265–0.489). Children with broadband internet access at home were 2.237 times more likely to be able to participate in online education at home than children without it (OR = 2.237; 95%: 1.793–2.79). The regression coefficients mentioned above are all significant, indicating that the presence of a broadband network at home has a mediating effect on the impact of household registration on access to online education in low-income households.



Thus, Hypotheses 6 and 7 were confirmed. These results show that, among low-income families, the policy of providing a subsistence allowance provides a basic education guarantee that increases the probability of their children receiving online education at home, and it improves the accessibility of online education for such students by increasing the availability of digital amenities to low-income families. However, compared to their non-agricultural Hukou household counterparts, students of agricultural Hukou households are still at a significant disadvantage in terms of access to online education, and there are often insufficient online education-related amenities in rural students’ homes, which limits the accessibility of online education in rural areas.




5. Discussion


The online learning context is different from the offline face-to-face classroom environment and requires a higher level of technological resources, such as smartphones, computers, and Internet access [43]. Students from middle-high-income families are less likely to encounter hardware-related constraints when engaging in online learning activities, while students from low-income families have relatively low hardware-ownership rates and may face a lack of devices and limited access to networks when attempting to access online education at home, thereby affecting the outcomes of online learning activities among low-income students. Students from low-income families are more likely to be excluded from online education activities because they cannot access the online instruction interface [20]. This research shows that students from low-income families and students who do not have computers, smartphones, or broadband Internet access at home are obviously at a disadvantage when it comes to accessing online learning at home. Ensuring that such students have access to personal computers, smartphones, and the Internet at home can increase their access to online education by 63.9%, 82.1%, and 75.2%, respectively. In other words, without the hardware required for participating in online education at home, the probability of students participating in such learning activities is significantly reduced and the children of such families may be excluded from the online education context.



According to data from the China Statistical Yearbook 2020, the rate of personal computer ownership in China in 2018 was 66.8%, while, in this study, it was found that the rate in low-income households in 2020 was only 23.7%. The data from the Report on China’s Broadband Internet Penetration Status show that, in 2018, the rate of home broadband Internet access in China reached 86.1%, while it was only 62.8% in low-income households in 2020. Regarding these two amenities, the rate in low-income families was significantly lower than the national average, which is obviously not conducive to encouraging equitable educational outcomes among students from low-income families. Fortunately, the rate of home smartphone ownership in low-income households was found to be relatively high, reaching 88.09%. Students from low-income families can access online education activities through smartphones and 4G networks, which can somewhat compensate for the lack of personal computers and broadband network access in low-income families and can enable such children to access online learning at home. Of course, the effectiveness of online learning using smartphones and online learning using computers may be different. In this regard, experimental research can be conducted in the future to explore the differences in the effects of online learning by controlling different learning devices.



Overall, low-income families have strikingly low rates of personal computer ownership and home Internet access. This research shows that there are obvious inequalities and disparities in terms of access to personal computers and the Internet, which can be seen as indicators of the digital divide, which has been fully exposed during the massive shift to online education during the pandemic [5,20]. In 2020, 16.62% of students from low-income families did not have the resources to access online education. Inequality in access to online education is an important metric for assessing the severity of the digital divide. For students from low-income families, inequality in access to online education persists at an alarming level in China. Although part of the discussion about online education has moved from ensuring access to enhancing quality, this shift is premature for low-income families. The question of how to guarantee access to online education at home remains a major challenge for these families.



To ensure that children from low-income families can enjoy equal access to a basic education, the Chinese government has implemented a minimum living guarantee system and has begun to provide education-related subsidies to such families. This research shows that education subsidies for minimum living guarantee families help students from such families access online education at home [26]. However, the minimum living guarantee system artificially divides low-income families into two categories: minimum living guarantee families and marginal minimum living guarantee ones. The monthly per capita income of marginal minimum living guarantee families is slightly higher than the local minimum living guarantee cutoff but lower than the minimum wage standard. As a result, such families cannot benefit from minimum living guarantee policies; do not have access to subsidies; and receive no assistance in terms of education, medical care, housing, and so forth. Therefore, this group may become an especially disadvantaged class whose actual living conditions are more impoverished than those of some minimum living guarantee families. In this study, it was found that the probability of students from marginal minimum living guarantee families being able to access online learning at home was 59.7% lower than for students from minimum living guarantee families, indicating that although all are low-income families in similar situations, there is already a digital divide in online education forming between the two groups of families.



This digital divide may have serious economic and social consequences for marginal minimum living guarantee families as information technology skills become increasingly important in the labor market. Past research and discussions have mainly focused on the digital divide in online education between students from rich and poor families, while the digital divide that also exists between various types of poor families has been ignored [44]. While the minimum living guarantee system protects the rights of students from minimum living guarantee families to enjoy access to online education activities, thereby narrowing the digital divide between them and students from wealthy families, it artificially widens the digital divide in online education between marginal minimum living guarantee families and minimum living guarantee ones. This kind of digital divide between impoverished families deserves the attention of all sectors of society. If measures cannot be implemented to close this digital divide, it is likely to evolve into a severe social divide in the future.



During the pandemic, most rural areas in China made full use of state-level resources and upgraded to high-quality online educational resources, ensured that various types of schools were organized at all levels to carry out online learning activities in an orderly manner, and arranged for high-quality teachers to record courses on digital TV stations and video platforms for use by students [9]. Such an approach is conducive to expanding the scope of knowledge acquisition for rural students, facilitates the sharing of high-quality educational resources, and compensates for the issue of insufficient resources provided by the families of rural students. However, because remote rural areas often have poor digital infrastructure, students cannot always carry out online learning activities in a timely or smooth manner, resulting in unequal access to educational resources and widening the urban–rural digital divide during the pandemic. This research shows that rural students have a 61.3% lower probability of possessing the resources to access online education at home than urban students, which places them at a significant disadvantage.



It appears that encouraging online learning at home may, in fact, fail to reduce the urban–rural education gap and instead widen it. As a countermeasure, the government should incorporate initiatives to improve online education among rural students in underdeveloped areas into the “education informatization” policy so that students in underdeveloped rural areas can enjoy high-quality educational resources. Precise interventions should also be made to help rural students and their families in underdeveloped areas by implementing appropriate measures and investing corresponding resources in improving the overall quality of online education. Concurrently, there is an urgent need to continue consolidating the network infrastructure, formulating network environment improvement plans, and improving the information service capabilities of underdeveloped rural areas.



This study has the following limitations. First, the composition of the semiprivate space for online education can be further investigated, and other elements that were not examined here may be affecting the gap between rural and urban students. Second, this study was based on cross-sectional data instead of panel data. Therefore, only correlations could be discussed, and causality could not be tested. Third, this study was focused on the accessibility of online education but the impact of family-level factors on the effectiveness of online education was not discussed. In addition, this research focuses on the impact of family conditions on the accessibility of online education at home, and does not explore the impact of smartphones, computers, and the Internet on the effectiveness of online education. With the development of surveillance capitalism and algorithmic discrimination, students receiving online education at home may also be exposed to risks such as addiction, manipulation, pornography, and narcissism [45]. Students in different family conditions may have significantly different risk tolerance in the face of these negative effects. These issues are worthy of further research and could provide meaningful directions for future work.




6. Conclusions


COVID-19 has been a catastrophe for the entire world. The universal transition to online education due to the COVID-19 pandemic has been an effective indicator of the opportunities and challenges that remain in ensuring equitable access to high-quality education. Worldwide, opportunities to access online education have varied dramatically between countries and individuals. This research shows that students from families without personal computers, smartphones, or Internet access in rural areas are more likely to have been unable to effectively access online learning at home during the COVID-19 pandemic. Moreover, the probability of students from marginal minimum living guarantee families being able to access online education at home was 59.7% lower than for students from minimum living guarantee families, indicating that, even among impoverished families, there is a digital divide in online education. This kind of digital divide must be addressed by the government, as it is not advisable to bridge the digital divide by creating another one. Overall, these results are consistent with the data from emerging economies and confirm that the digital divide that persists in online education represents a large social challenge. The results reveal that the government must make further efforts to develop effective strategies for balancing social and educational opportunities among students, taking special care to ensure that students from low-income families in rural areas can enjoy equal access to online education at home.



When implementing social sustainable development strategies, the sustainable development of education should be given priority. Without educational equity, the sustainable development of education will be difficult to achieve. Online education platforms have rapidly grown in the past decade with the promise of reducing educational inequality through access to low-cost education for all. However, the inequality in online education is still shocking. This problem is especially prominent during the COVID-19 pandemic. This article focused on the impact of informational inequality across users of different family conditions in their differences in online education accessibility. On this basis, it proposed countermeasures to reduce inequality in online education. This is of great significance for realizing the sustainable development of education and the sustainable development of the entire society.
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Appendix A. Three Rounds of Tests of Mediating Effects
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Table A1. Round one: Personal computer access as the mediating variable.






Table A1. Round one: Personal computer access as the mediating variable.





	
Characteristics

	
Online Education

	
Personal Computer Access

	
Online Education




	
Model 1

	
Model 2

	
Model 3






	
Personal computer access: yes vs. no

	

	

	
2.108 ***

(1.525–2.916)




	
Subsistence Allowance: yes vs. no

	
1.241 *

(0.994–1.549)

	
1.64 ***

(1.335–2.015)

	
1.297 **

(1.038–1.623)




	
Hukou: agricultural vs. non-agricultural

	
0.342 ***

(0.252–0.463)

	
0.314 ***

(0.257–0.384)

	
0.395 ***

(0.29–0.538)




	
Constant

	
10.604 ***

(7.998–14.059)

	
0.493 ***

(0.398–0.611)

	
8.094 ***

(6.001–10.92)








Note: *, ** and *** denote significance at the 0.1, 0.05, and 0.01 levels, respectively. Models 1, 2, and 3 correspond to Formulas (2)–(4), respectively.
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Table A2. Round two: Smartphone access as the mediating variable.






Table A2. Round two: Smartphone access as the mediating variable.





	
Characteristics

	
Online Education

	
Smartphone Access

	
Online Education




	
Model 4

	
Model 5

	
Model 6






	
Smartphone access: yes vs. no

	

	

	
2.525 ***

(1.896–3.361)




	
Subsistence Allowance: yes vs. no

	
1.241 *

(0.994–1.549)

	
1.678 ***

(1.303–2.6)

	
1.331 **

(1.062–1.668)




	
Hukou: agricultural vs. non-agricultural

	
0.342 ***

(0.252–0.463)

	
0.28 ***

(0.185–0.425)

	
0.341 ***

(0.252–0.463)




	
Constant

	
10.604 ***

(7.998–14.059)

	
6.368 ***

(4.744–8.547)

	
4.692 ***

(3.235–6.804)








Note: *, ** and *** denote significance at the 0.1, 0.05, and 0.01 levels, respectively. Models 4, 5, and 6 correspond to Formulas (2)–(4), respectively.
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Table A3. Round three: Internet access as the mediating variable.






Table A3. Round three: Internet access as the mediating variable.





	
Characteristics

	
Online Education

	
Internet Access

	
Online Education




	
Model 7

	
Model 8

	
Model 9






	
Internet access: yes vs. no

	

	

	
2.237 ***

(1.793–2.79)




	
Subsistence Allowance: yes vs. no

	
1.241 *

(0.994–1.549)

	
1.396 ***

(1.179–1.654)

	
1.323 **

(1.057–1.657)




	
Hukou: agricultural vs. non-agricultural

	
0.342 ***

(0.252–0.463)

	
0.299 ***

(0.206–0.438)

	
0.361 ***

(0.265–0.489)




	
Constant

	
10.604 ***

(7.998–14.059)

	
1.824 ***

(1.494–2.228)

	
6.289 ***

(4.606–8.587)








Note: *, ** and *** denote significance at the 0.1, 0.05, and 0.01 levels, respectively. Models 7, 8, and 9 correspond to Formulas (2)–(4), respectively.
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Figure 1. Theoretical model with hypotheses. 






Figure 1. Theoretical model with hypotheses.
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Table 1. Distribution and chi-square of general characteristics.






Table 1. Distribution and chi-square of general characteristics.





	
Classification

	
Participants

(N = 1565)

	
Online Education or Not

	
χ2 (p)




	
N (%)

	
Online Education

N (%)

	
No Online Education

N (%)

	






	
Computer

	
Yes

	
569 (23.7)

	
520 (26.0)

	
49 (12.3)

	
34.499 ***

(0.000)




	
No

	
1832 (76.3)

	
1482 (74.0)

	
350 (87.7)




	
Smartphone

	
Yes

	
2115 (88.09)

	
1802 (90.0)

	
313 (78.4)

	
42.399 ***

(0.000)




	
No

	
286 (11.91)

	
200 (10.0)

	
86 (21.6)




	
Internet

	
Yes

	
1507 (62.8)

	
1324 (66.1)

	
183 (45.9)

	
58.486 ***

(0.000)




	
No

	
894 (37.2)

	
678 (33.9)

	
216 (54.1)




	
Subsistence Allowance

	
Yes

	
1342 (55.9)

	
889 (44.4)

	
170 (42.6)

	
0.437

(0.000)




	
No

	
1059 (44.1)

	
1113 (55.6)

	
229 (57.4)




	
Hukou

	
Agricultural

	
1726 (71.9)

	
1382 (69.0)

	
344 (86.2)

	
48.614 ***

(0.000)




	
Non-agricultural

	
675 (28.1)

	
620 (31.0)

	
55 (13.8)




	
Online Education

	
Yes

	
2002 (83.38)

	
-

	
-

	
-




	
No

	
399 (16.62)

	
-

	
-

	
-








Note: *** significant at the 1% level.
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Table 2. Multivariable logistic regression analysis.






Table 2. Multivariable logistic regression analysis.





	
Characteristics

	
Online Education




	
Odds Ratio

	
95% CI

	
p-Value






	
Computer: yes vs. no

	
1.639 ***

	
1.171–2.292

	
0.004




	
Smartphone: yes vs. no

	
1.821 ***

	
1.339–2.475

	
0.000




	
Internet: yes vs. no

	
1.752 ***

	
1.373–2.233

	
0.000




	
Subsistence Allowance: yes vs. no

	
1.403 ***

	
1.117–1.761

	
0.004




	
Hukou: agricultural vs. non-agricultural

	
0.387 ***

	
0.284–0.528

	
0.000




	
Constant

	
3.66 ***

	
2.499–5.36

	
0.000








Note: *** significant at 1%.
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Table 3. Three rounds of mediating effect testing results.






Table 3. Three rounds of mediating effect testing results.














	
	Mediating Variable
	     a 1     
	     a 2     
	   b   
	     c 1 ′     
	     c 2 ′     





	Round one
	Computer
	1.64 ***

1.335–2.015
	0.342 ***

0.257–0.384
	2.108 ***

1.525–2.916
	1.297 **

1.038–1.623
	0.395 ***

0.29–0.538



	Round two
	Smartphone
	1.678 ***

1.303–2.6
	0.28 ***

0.185–0.425
	2.525 ***

1.896–3.361
	1.331 **

1.062–1.668
	0.341 ***

0.252–0.463



	Round three
	Internet
	1.396 ***

1.179–1.654
	0.299 ***

0.206–0.438
	2.237 ***

1.793–2.79
	1.323 **

1.057–1.657
	0.361 ***

0.265–0.489







Note: ** and *** denote significance at the 0.05 and 0.01 levels, respectively. Further details on each model are contained in the Appendix A.
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