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Abstract

[Purpose/Significance| This study endeavors to answer two questions: First, has
the digital divide narrowed over the past decade? Second, have the formation
mechanisms of the digital divide undergone significant changes during this ten-
year span? [Method/Process| Based on questionnaire data collected through
rigorous field surveys in 2012 and 2020, this study investigates the temporal
evolution of the digital divide. [Results/Conclusion] The findings reveal that
disparities in China’ s digital divide across three dimensions—access, usage, and
online activities—have all diminished, and the formation mechanisms associated
with these three dimensions exhibit several diachronic variation characteristics.
These discoveries further corroborate the trend of a contracting digital divide in
China. The conclusions of this study not only contribute to understanding the
distribution of the digital divide in China, but also, by analyzing the temporal
changes in its formation mechanisms, assist policymakers in developing targeted
digital governance policies based on these mechanisms.
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formation mechanisms of the digital divide changed significantly during this ten-
year period? [Method/Process] Based on questionnaire data collected through
rigorous fieldwork in 2012 and 2020, this paper examines cross-temporal changes
in the digital divide. [Result/Conclusion] The findings reveal that gaps in China’
s digital divide across three dimensions—access, use, and Internet activities—have
all narrowed, with the formation mechanisms associated with these three dimen-
sions exhibiting several diachronic changes. These findings further confirm the
trend of shrinking digital divide in China. The conclusions of this study not only
contribute to understanding the distribution of digital divide in China but also,
by analyzing temporal changes in its formation mechanisms, help policymakers
formulate targeted digital governance policies.

Keywords: digital divide; Internet development; comparative study; China
Classification Number: G203

1 Research Background
1.1 China’ s Internet Development and Popularization

With the rapid development of mobile devices and Internet technology, Chinese
urban and rural residents are entering a highly information-based and digital-
ized daily living environment. The 49th “Statistical Report on China’ s Inter-
net Development” released by the China Internet Network Information Center
(CNNIC) shows that as of December 2021, China’ s overall netizen population
continued to grow, the urban-rural Internet usage gap continued to narrow, and
the historical problem of communication difficulties in impoverished areas has
been solved. China’ s rural netizen population has reached 284 million, with
an Internet penetration rate of 57.6% in rural areas, an increase of 1.7 percent-
age points from December 2020. The urban-rural Internet penetration rate gap
narrowed by 0.2 percentage points compared to December 2020. The elderly
population is sharing in the achievements of information development alongside
other age groups. The proportion of elderly netizens who can independently
use ICT devices to participate in instant messaging, online news, and online
payment has reached 90.6%, 77.9%, and 70.6%, respectively [2].

Meanwhile, Internet development has brought increasingly rich online activities
and content products. Emerging technology platforms represented by social me-
dia, news applications, and lifestyle service applications are reshaping Chinese
netizens’ daily lives across different dimensions such as information acquisition,
communication, and organizational management [3-4]. Against this backdrop,
ensuring that socially disadvantaged groups with relatively weak Internet us-
age can enjoy the convenient information services provided by the Internet has
become an important research topic in this new stage of Internet development.
This study addresses this key research question by comparing changes in the
formation mechanisms of China’ s digital divide over the past decade.
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1.2 Digital Divide: Theoretical Framework and Formation Mecha-
nisms

1.2.1 Theoretical Origins and Conceptual Evolution Academia began
studying Internet-related social inequalities as early as the initial stages of Inter-
net popularization. Early empirical research on the digital divide focused on the
use of information and communication technologies, particularly digital technol-
ogy access gaps between urban and rural areas in developed countries [8-10].
This period’ s empirical research found significant generational differences in In-
ternet access, with elderly populations using the Internet less frequently [11-12].
D. Hindman [13], by tracing U.S. questionnaire data from 1995-1998, found that
socioeconomic and demographic variables such as age, education, gender, and
income were more strongly correlated with digital technology access than the
digital divide between large and non-large cities. This study spanned a consid-
erable time period and holds significant importance for understanding temporal
changes in the digital divide.

In recent years, empirical research on the digital divide has gradually evolved
from focusing on information technology infrastructure popularization [14] to in-
formation technology usage [15-16], and further to user interaction with emerg-
ing technologies [17]. Digital divide researchers note that emerging information
technologies, particularly mobile Internet, have accelerated network popular-
ization in developing countries while simultaneously presenting new challenges
for digital inclusion. J. Donner [18] proposed the “after access” conceptual
framework, emphasizing the importance of dimensions such as divergence in In-
ternet devices, quality of connection, affordability of connectedness, and digital
skills for bridging the digital divide in developing countries or regions. Do-
mestic and international Internet researchers have discussed the manifestations
and influencing factors of the expanded digital divide concept at the informa-
tion behavior level through empirical studies. For instance, R. Savolainen com-
bined Bourdieu’ s Habitus concept from sociology to explore how different social
classes’ unequal cultural capital affects information accessibility and availability
in daily information-seeking behaviors, reminding researchers to pay attention
to the complexity of measuring digital divide in everyday information behavior
dimensions.

As a multidimensional sociological concept, scholars have recently emphasized
that the digital divide concept needs to move beyond simple binary divisions of
digital poverty and digital affluence [19], suggesting instead the use of more com-
plex, continuous, and pluralistic perspectives ( “a continuum of digital inclusion”
[20]). Researchers have further refined measurement dimensions of information
skills and information behaviors under the digital divide framework. For ex-
ample, A. van Deursen and J. van Dijk [21] operationalized digital skills into
operational, formal, informational, and strategic skills. Their empirical research
found that while Internet usage experience typically accompanies improvements
in operational network skills, significant gaps remain in the other three dimen-
sions of digital skills, which may lead to digital divide formation.
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The formation and expansion of digital divide has important impacts on social
development. Empirical research on China’ s digital divide [22] found that dis-
advantaged poor residents not only face job displacement by emerging technolo-
gies but also cannot enjoy the dividend from digital economy spillover effects. R.
Schroeder [23] proposed that as information technology increasingly permeates
Internet users’ daily lives, research on digital inequality in today’ s information
society needs to transcend usage-level studies of technology itself and further
focus on digital divides emerging in new media environments.

1.2.2 Empirical Research on China’ s Digital Divide Chinese govern-
ment and academic attention to the digital divide began roughly in the early
21st century. At the UN Millennium Summit in 2000, Jiang Zemin pointed out:
“The widening ‘digital divide’ demonstrates that there is a huge gap in techno-
logical levels between developed and developing countries, which will inevitably
lead to further widening of the North-South wealth gap” [24]. In Volume II of
“Xi Jinping: The Governance of China,” General Secretary Xi Jinping empha-
sized “focusing on resolving issues such as development imbalances, governance
dilemmas, digital divides, and distribution gaps, and building an open, inclusive,
balanced, and beneficial economic globalization” [25].

As the digital divide attracted high-level government attention, Chinese
academia also turned its focus to this field. Due to later recognition of
information society issues compared to foreign counterparts, Chinese academic
research on the digital divide began with introducing Western research findings.
For example, Cao Rongxiang [26] systematically introduced the concept of
“digital divide” and related foreign research. Yan Hui and Sun Lili [27] reviewed
past research and categorized “digital divide” studies into four generations:
access, use, information resource knowledge, and new developments. Chinese
researchers have also emphasized connecting their research findings with na-
tional governance of information differentiation. For instance, Chen Yanhong
[28] argued that information technology, information resources, information
subjects, and information policies contribute to China’ s “digital divide”
and proposed corresponding countermeasures. Yan Hui et al. [29] proposed
strengthening infrastructure and other suggestions from a digital inclusion
perspective to narrow the “digital divide.” Hu Angang and Zhou Shaojie
analyzed three major digital divides facing China, proposing that the core of
digital divide governance policy is to promote resource flows toward fields that
can drive economic and knowledge development [30]. They further proposed
accelerating transformation toward an “information society” and “knowledge
society” to continuously narrow the information gap with “information-rich”
countries, representing an important strategic choice for developing countries
in the context of economic globalization and information technology revolution
[31].

In recent years, Chinese researchers have conducted extensive studies from per-
spectives such as enterprise digital divide [32], digital divide in digital finance
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development [33], digital divide among elderly populations [34-35], and digital
divide in education and teaching (particularly online learning during the pan-
demic) [36-37].

1.2.3 Limitations of Existing Research With the development of Internet
technology, the conceptual framework of the digital divide has evolved from
focusing on Internet infrastructure popularization to network technology us-
age, and further to Internet activity participation and users’ daily information-
seeking behaviors. As an important interdisciplinary research field, digital di-
vide research has integrated theoretical foundations and empirical findings from
communication, sociology, information science, and other disciplines. However,
against the backdrop of the Internet’ s increasing integration into daily life in
China, empirical research on the digital divide still has shortcomings. First,
the conceptual construction of digital divide in information-seeking behavior re-
search remains inadequate. The access, use, and Internet activity dimensions
of digital divide need further integration with information behavior research,
particularly search engine usage-based information-seeking behavior research,
requiring operational measurement and comparative studies among different
social groups. Second, existing research mostly focuses on the digital divide’ s
manifestation in a specific time period, lacking longitudinal comparative studies
across substantial time spans. However, the rapid development of information
and communication technologies necessitates updating and supplementing em-
pirical research data with technological advancement. Cross-temporal empirical
studies on digital divide help capture the longitudinal temporal changes in the
manifestation and influencing factors of digital inequality against the backdrop
of technological progress.

In summary, this study continues the dimensional division of digital divide
into access, use, and Internet activities. By conducting comparative analysis
of questionnaire data spanning nearly ten years, it examines the specific mani-
festations and changing formation mechanisms of digital divide in information
behavior. Theoretically, this study helps capture the manifestation of digital
divide in information behavior processes against China’ s Internet populariza-
tion background. Empirically, it supplements changes in influencing factors of
digital divide across different periods, providing empirical evidence for explor-
ing structural digital inequality. Based on questionnaire data from 2012 and
2020 collected through rigorous fieldwork, this study addresses the following
two research questions: First, has China’ s digital divide narrowed over the
past decade? Second, have the formation mechanisms of China’ s digital divide
changed significantly during this ten-year period?

2 Research Design

2.1 Data Collection

This study conducts a comparative analysis of China’ s digital divide in 2012
and 2020. The research sample consists of two components: (1) In 2012, ques-
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tionnaires based on the “Personal Information World Scale” were distributed
in Dongguan City (Guangdong Province), Tianjin City, Taiyuan City (Shanxi
Province), Yangquan City (Shanxi Province), Lanzhou City (Gansu Province),
and Dalian City (Liaoning Province) for data collection. To improve sample rep-
resentativeness, researchers selected locations and populations as diversely as
possible to enhance respondent representativeness and heterogeneity. Taking
the Dongguan survey as an example, strict stratified sampling was employed.
Based on the total population and distribution in the “2011 Dongguan Na-
tional Economic and Social Development Statistical Bulletin,” the number of
questionnaires to be distributed in each district was calculated. A total of
4,548 questionnaires were distributed. After excluding questionnaires with ex-
cessive missing values and those failing “lie detection” questions, 3,368 valid
questionnaires were recovered, yielding a response rate of 74.05%. (2) In July
2020, the research team conducted questionnaire surveys and data collection in
Longxi County, Gansu Province. During fieldwork, the team used interview-
style questionnaires, where team members conducted face-to-face interviews
with respondents and made audio and text recordings. In sample selection,
emphasis was placed on selecting adults heterogeneous in variables such as age,
education level, and occupation type, consciously including rural populations
such as left-behind elderly, migrant young laborers, and rural women. A total
of 714 respondents were surveyed. Since each questionnaire was completed by
team members through individual interviews with full respondent consent, the
response rate was 100%. To enhance comparability, the 2012 sample selected
respondents from Lanzhou City, Gansu Province, totaling 634 samples. The
2020 sample used the entire sample group to control for cross-regional effects
on research results.

2.2 Variable Selection

For the three levels of digital divide in research—primary access, secondary use
(adoption), and tertiary Internet activities—this study operationalizes measure-
ment using the Internet accessibility, availability, and information asset dimen-
sions from Yu Liangzhi and Zhou Wenjie’ s “Personal Information World Scale,”
specifically search engine usage. This scale, based on Professor Yu Liangzhi’
s “Personal Information World” framework, is a measurement tool for personal
information poverty and wealth. It was developed in 2012 and passed reliability
and validity tests, subsequently being used in empirical research [38-40]. Specific
measurement indicators for Internet accessibility, availability, and information
asset dimensions are shown in Table 1 .

In Table 1, the access divide (Internet as accessible information source), use
divide (Internet as available information source), and network activity divide
(search engine as information asset) in 2012 all use binary variables. The 2020
network activity divide (search engine as information asset) uses Likert scale or-
dinal measurement. This study assigns scores to all variables in this dimension
through expert rating to unify measurement units. For control variables, refer-
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ring to existing digital divide literature, this study selects gender, age, education
years, whether occupation is professional or managerial, daily time spent on in-
formation searching, and income as control variables [22, 41-42]. All variable
scoring rules are shown in Table 2 .

2.3 Descriptive Statistics

Descriptive statistics for variables in the sample are shown in Table 3 . As
shown in Table 3, regarding Internet variables, the mean for accessible infor-
mation sources is 2.394 (variance 1.452), the mean for available information
sources is 2.553 (variance 1.143), and the mean for information assets is 6.297
(variance 4.427), all approaching their respective maximums, indicating that
the Internet has entered the lives of the vast majority. In the sample popu-
lation, there are 491 males (45.13%) and 597 females (54.87%), with roughly
equal gender distribution. In terms of age, those aged 30 and below account for
24.55%, ages 31-40 account for 33.33%, ages 41-50 account for 35.51%, and ages
51 and above account for 6.61%, with fewer elderly netizens compared to young
and middle-aged respondents. Regarding occupation, professional or manage-
rial personnel account for 48.41%, close to the proportion of non-managerial or
non-professional personnel. In terms of income, the ratio of low-income, middle-
income, and high-income groups is approximately 2:5:3. The education median
is 15, indicating that more than half of the sample population has received col-
lege education or above, with an average education duration of 13.84 years. The
mean daily time spent on information searching is 2.934, indicating that the av-
erage person spends about 1-3 hours daily on information searching. Regarding
income, the sample is predominantly middle-income (mean approximately 2),
with a standard deviation of about 0.7 and a standard deviation-to-mean ratio
of about 0.35, indicating some income variation among individuals.

Comparing 2012 and 2020 data reveals: In terms of information divide, the use
divide did not change significantly, while both the access divide and network
activity divide in 2020 were larger than in 2012. In terms of demographic
variables, gender and income did not change substantially. The 2020 sample
was younger than the 2012 sample, and the 2020 education duration was lower
than the 2012 sample because the 2012 survey was conducted in urban areas
while the 2020 survey focused mainly on rural areas. Regarding information
searching, the 2012 sample’ s information search time was lower than that of
the 2020 sample.

3 Empirical Testing
3.1 Regression Model Construction

This paper uses equation (1) to test changes in the access divide (Internet as ac-
cessible information source) between 2012 and 2020, equation (2) to test changes
in the use divide (Internet as available information source), and equation (3) to
test changes in the network activity divide (search engine as information asset).
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Access Divide (Internet as Accessible Information Source) = 3, + 3, Year +
ByGender + [3Age + (B,Education Years + [5Occupation + Sglnformation
Search Time + 8% {7}$2019 Income +

Use Divide (Internet as Available Information Source) = £, + [;Year +
ByGender + f[;Age + [,Education Years + [;Occupation + [gInformation
Search Time + £$_{7}$2019 Income +

Network Activity Divide (Search Engine as Information Asset) = 5, + 5, Year
+ ByGender + S3Age + B,Education Years + [;Occupation + SgInformation
Search Time + 8% {7}$2019 Income +

In equations (1), (2), and (3), 8 represents regression coefficient indicators.

3.2 Regression Model Estimation

This study employs Ordinary Least Squares (OLS) estimation for the models
in equations (1), (2), and (3). Table 5 presents the estimation results. The ad-
justed model fit for equation (1) is 0.0834, indicating that the selected variables
have some explanatory power for the network access divide. The year variable
is significant with a regression coefficient of 0.443, indicating that, controlling
for other variables, Internet as an accessible information source improved sig-
nificantly compared to 2012. The adjusted model fit for equation (2) is 0.146,
indicating that the existing variables have strong explanatory power for the de-
pendent variable Internet as available information source. The year regression
coefficient is 0.206, significant at the 5% level, indicating that Internet as avail-
able information source improved significantly compared to 2012. The adjusted
model fit for equation (3) is 0.150, proving the reasonableness of variable selec-
tion. The independent variable’ s regression coeflicient is positively significant,
indicating significant improvement in Internet usage (search engine as informa-
tion asset) compared to 2012. Regarding control variables, education years and
information search time are positively significant in all three models at the 1%
significance level, indicating that Internet access, use, and network activities all
increase with education years and information search time.

To verify that the estimation results in Table 5 are not accidental and possess
robustness, this study replaces the 2019 income variable with 2010 income to
test the robustness of Table 5 s results. If the independent variable results do
not change significantly, it indicates that the regression results in Table 5 are
robust. Table 6 presents the robustness test regression results. Comparing the
results in Table 5 and Table 6 shows that variables with statistical significance
in the three models are basically consistent between the original model and the
robustness test model, thus confirming that the main regression results in Table
5 are robust.
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3.3 Temporal Changes in Digital Divide Formation Mechanisms

With the development of information communication technology and the econ-
omy and society, the manifestation and mechanisms of digital divide between
2012 and 2020 have inevitably undergone tremendous changes. To explore
changes in regression coefficients across different years, this study uses Seem-
ingly Unrelated Regressions to comprehensively examine differences in regres-
sion coefficients. Table 7 presents the coefficient difference test results.

In the regression of access divide (Internet as accessible information source),
females were at a disadvantage in 2012 but converged with males in 2020.
The regression coefficient difference for information search time is significant
at the 5% level, changing from positively significant in the 2012 regression to
non-significant in the 2020 regression, indicating that the significant positive
effect of information search time on Internet as accessible information source
has disappeared. Regarding the regression coefficient difference for high income,
high-income groups had more Internet accessible information sources than low-
income groups in 2012, but this advantage disappeared in 2020.

In the regression of Internet as available information source, the 2012 regression
coeflicient for information search time is significant at the 1% level at 0.251,
indicating that longer information search time correlates with higher Internet
available information sources. However, this significant positive correlation dis-
appeared in 2020, and the 2020 regression coefficient changed significantly com-
pared to 2012.

In the regression of search engine as information asset, the impact of education
years on Internet information assets decreased from 0.225 in 2012 to 0.0718 in
2020, and this change is significant at the 10% level. The regression coefficient
difference for information search time is also significant, changing from positively
significant in 2012 to non-significant in 2020.

To check whether the regression results in Table 7 are robust, this study re-
places the 2019 income variable with the 2010 income variable. If the coefficient
difference results are consistent, it proves that the results in Table 7 are reli-
able. The robustness results are shown in Table 8 . In the Internet accessible
information source regression, the gender coefficient difference remains robust.
The information search time regression coefficient difference is not significant,
indicating that the results regarding information search time changes in Table 7
are not robust. The high-income regression coefficient difference remains robust.
In the cross-year comparison of Internet as available information source regres-
sion, the information search time regression coefficient difference is significant.
In the cross-year comparison of search engine as information asset regression
model, the education years regression coefficient difference remains significant,
and the information search time regression coefficient difference remains signif-
icant.
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4 Research Conclusions and Discussion

As an important concept for studying the social impact of the Internet, the dig-
ital divide conceptual framework captures social inequality phenomena arising
during the development and popularization of information and communication
technologies [23, 43-44]. Related empirical research on digital divide reveals its
manifestations in technology access, use, and network activities [45]. This study
analyzes changes in China’ s digital divide across these three dimensions over
the past decade and the temporal changes in significant factors influencing the
digital divide through questionnaire data comparison.

First, this study encompasses multiple dimensions of digital divide: access di-
vide (Internet as accessible information source), use divide (Internet as available
information source), and network activity divide (search engine as information
asset). Building on R. Savolainen’ s [46] research foundation of social class
differences in daily information-seeking behavior, this study measures network
activity divide to analyze differences in digital divide in information behavior
across Chinese social groups, supplementing conceptual construction and em-
pirical evidence in this field. The findings reveal that gaps across the three
dimensions of digital divide have all narrowed. Compared to 2012, the 2020
access divide (Internet as accessible information source), use divide (Internet as
available information source), and network activity divide (search engine as in-
formation asset) have all diminished. The Internet has become more accessible,
available, and widely used in search engines over the ten-year period. This find-
ing verifies the comprehensive popularization of information and communication
technology in China. In particular, the gap in digital divide in daily information
acquisition has also narrowed, further confirming that China’ s Internet devel-
opment has entered the “after access” stage [18], where Internet users actively
obtaining daily information through search have become more proactive [47].

Second, by comparing digital divide influencing factors across different peri-
ods, this study explores temporal changes in formation mechanisms related to
the three dimensions of digital divide. Specifically, gender-based differences in
China’ s Internet access divide are gradually disappearing, with female Internet
users achieving equal status with male users. Additionally, the original advan-
tage of high-income groups in network access has gradually disappeared over the
past decade, with Internet popularization gradually converging across different
income groups. The declining influence of gender and income in Internet access
processes shows similar trends in other emerging economies [18, 48]. In Internet
usage, the usage divide caused by education level is also gradually narrowing,
specifically manifested in the disappearance of significant differences in search
engine use between high-education and low-education groups. The narrowing
of network access and use divides provides opportunities for information society
development while also presenting new requirements for policymakers, social
workers, and Internet industry practitioners. With the diversified development
of network access groups, the information and communication technology in-
dustry has generated more diverse demands, including female-friendly cultural
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and entertainment content products, technology innovations for elderly adap-
tation, and more friendly platform economy models for flexible employment of
low-income groups.

Moreover, in network usage (Internet as accessible information source) and net-
work activities (search engine usage), information search duration, which was
previously significantly positively correlated with network usage and activities,
no longer has a significant effect, indicating that the network usage divide is no
longer significantly correlated with network information search duration.

The empirical conclusions of this study have important implications for formu-
lating digital governance policies. The gaps in digital divide in Internet access,
use, and network activities are gradually narrowing, and the significance of tradi-
tional socio-demographic or network usage variables causing digital divide—such
as female gender, lower education level, and network information search duration
—is declining. However, these findings do not signify the complete disappearance
of digital divide. Digital divide theory finds that technological inequality in the
digital age is gradually transitioning from technology popularization dimensions
to content creation [17] and artificial intelligence and algorithmic literacy [49].
The narrowing of China’ s digital divide in access, use, and network activities
provides important insights for policymakers promoting technology for social
development: the focus needs to gradually shift to new issues such as how users
use the Internet and other information communication technologies to obtain in-
formation after technology popularization, and how they interact with complex
information technology systems.
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