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  Abstract 
Objective: This study aims to explore the key factors influencing the digital inclu-
sion of rural residents by analyzing social media comments using the LDA topic 
model. Design/methodology/approach: The study employs Python technology to 
crawl comments related to rural digital inclusion from platform X. After prepro-
cessing, 11,481 valid English texts were selected for analysis using the LDA model 
to identify potential influencing factors. Findings: The results reveal that the main 
factors influencing digital inclusion include technological infrastructure, social 
structure, government policies, and individual applications. These factors interact 
and collectively affect rural residents' digital access and participation. Original-
ity/value: This study highlights the multidimensional factors at the technological, 
social, policy, and individual levels, providing valuable insights for future policy 
development. It emphasizes the importance of infrastructure investment, digital lit-
eracy improvement, policy optimization, bridging the urban-rural digital divide, 
and promoting cross-sectoral collaboration to achieve comprehensive digital inclu-
sion. 
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1. Introduction 

Digital inclusion refers to ensuring that all groups, especially marginalized populations, have equal access to and the 
ability to use digital technologies, thereby enabling full participation in modern society. Specifically, digital inclusion 
encompasses the provision of affordable internet access, appropriate digital devices, digital literacy training, and 
relevant content in order to bridge the digital divide and promote social equity and inclusion (Sieck et al., 2021). 

With the rapid development of information technology, the digitalization of society is driving transformative 
changes across various sectors worldwide. In rural areas in particular, the widespread adoption of digital technologies 
not only offers residents greater economic opportunities but also exerts a profound impact on education, healthcare, 
and public services (Alonso et al., 2024). In the field of education, online learning has provided rural students with 
access to high-quality educational resources (Oraki et al., 2020). In the healthcare sector, telemedicine platforms have 
effectively reduced the urban-rural healthcare gap (Potter et al., 2016). Furthermore, e-commerce has also led to 
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economic growth in China's rural areas, demonstrating the immense potential that digital technologies bring to rural 
communities (Zhou et al., 2021). 

However, digital inclusion in rural areas still faces numerous obstacles. Firstly, weak infrastructure is the main 
issue, with many rural areas experiencing poor network coverage and unstable signals, affecting the widespread 
adoption of digital technologies (Meng et al., 2023). Secondly, educational disparities lead to rural residents lacking 
relevant knowledge and skills in digital technologies, further exacerbating the digital divide (Zhang, 2023). Moreover, 
although governments worldwide have introduced policies to promote rural digital development, issues such as inef-
fective policy implementation and insufficient funding still persist (Roberts et al., 2017). Furthermore, the relatively 
traditional social structures and mindsets in rural areas also present significant challenges to the promotion of digital 
technologies (Correa & Pavez, 2016). 

Nevertheless, the demand for digital inclusion in rural areas is increasingly urgent. Digital technologies can bring 
economic growth to rural areas, increasing farmers' income through models such as e-commerce and smart agriculture 
(Deng et al., 2024). In the fields of education and healthcare, digital inclusion can overcome geographical barriers 
and provide rural residents with the same resources and opportunities as those available in urban areas (Liu et al., 
2023). In addition, the widespread adoption of digital technologies can enrich the cultural and spiritual lives of rural 
residents and enhance their sense of social participation. 

In recent years, with the proliferation of social media and the advancement of data mining technologies, an in-
creasing number of scholars have begun to explore the use of text mining techniques to analyze social phenomena 
reflected on social media and to uncover hidden, valuable information (Diaz-Garcia et al., 2023). Text mining tech-
niques, particularly the Latent Dirichlet Allocation (LDA) topic model, have been widely applied to extract latent 
themes and patterns from large-scale textual data. For example, Amara et al. utilized the LDA model to conduct topic 
modeling on multilingual Facebook posts related to COVID-19, covering languages such as English, Arabic, Spanish, 
Italian, German, French, and Japanese. Their study successfully tracked the evolving trends of pandemic-related 
discussions across different language communities, demonstrating the effectiveness of LDA in analyzing multilingual 
social media data (Amara et al., 2021). Based on this, the present study aims to utilize the LDA topic model, in 
conjunction with relevant comment data from social media platform X, to explore the factors influencing digital 
inclusion among rural residents and to provide theoretical support for policy formulation. By conducting an in-depth 
analysis of the influencing factors of digital inclusion within rural communities, this research seeks to offer new 
perspectives for addressing the digital divide and to provide practical guidance for advancing digital development in 
rural areas. 

2. Methodology 

2.1 Data Collection 

This study employs Python technology to scrape relevant comment texts under the hashtags #RuralResidentsDigital-
Divide, #InternetUseByRuralResidents, and #RuralDigitalResources from the social media platform X. The data col-
lection period spans from January 2014 to January 2025, yielding a total of 31,747 comment texts related to digital 
inclusion among rural populations. The research strictly adheres to Platform X's data usage policies, ensuring full 
compliance with platform regulations and relevant legal requirements. To protect user privacy, all collected data 
underwent anonymization, with no personally identifiable information retained. Furthermore, all data processing and 
analytical procedures were rigorously followed by ethical guidelines to guarantee the study's fairness and transpar-
ency. 

Three main reasons support the selection of comment texts from Platform X: First, as a global digital public sphere, 
it reflects socially significant discussions and attitudes toward rural digital inclusion, offering valuable input for pol-
icymaking. Second, its high interactivity and real-time nature allow for the timely capture of emerging trends and 
needs, informing technological innovation and rural transformation. Third, the platform presents diverse perspectives 
and rich information, enabling a comprehensive understanding of the real challenges and demands faced by rural 
communities across different countries. 

2.2 Text-mining Framework for Topic Discovery 

2.2.1 Data Pre-processing 
This study utilizes a multilingual distributed dataset (distribution shown in Figure 1). Given that English texts domi-
nate the dataset while other languages (e.g., Japanese and Spanish) have relatively smaller volumes—potentially 
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leading to sparsity and instability in topic modeling results—only English texts were retained for LDA topic analysis 
to ensure model training stability and result reliability. Additionally, to investigate the latest trends in digital inclusion 
among rural residents, texts from January 2020 to January 2025 were selected for modeling analysis. 

 
Figure 1. Language distribution. 

During the data preprocessing stage, the NLTK library was first employed to perform word segmentation on Eng-
lish texts. Subsequently, we customized a domain-specific stopword list based on dataset characteristics: in addition 
to standard English stopwords, irrelevant terms such as "dont", "para", "want", "since", "even", "every", "would", 
and "yang" were removed. The preprocessing also involved eliminating punctuation, numbers, texts with fewer than 
3 words, non-alphabetic characters, invalid URLs, and duplicate content, while converting uppercase letters to low-
ercase. Ultimately, 11,481 valid text entries were obtained, establishing a high-quality data foundation for subsequent 
topic modeling. 

2.2.2 LDA Topic Analysis 
Latent Dirichlet Allocation (LDA) is an unsupervised text mining method initially proposed by Blei et al. in 2003. 
LDA represents the topics of each document in the collection as probability distributions, enabling topic clustering 
based on these distributions. The words with the highest probabilities in each topic typically represent the core content 
of that topic (Zhang & Zhang, 2022). Compared to traditional text analysis methods, LDA has been widely applied 
in various fields including library science, economics, pedagogy, ethics, public administration, and biomedical re-
search due to its probabilistic generative characteristics and scalability advantages is a relatively mature text mining 
method (An & Yan, 2022; Kim et al., 2016; Guo & Zhang, 2023; Paek et al., 2021; Javed et al., 2022; Pan, 2019; Xie 
et al., 2022). Studies show that this model not only addresses the curse of dimensionality through dimension reduction 
when processing large-scale text data but also maintains the interpretability of latent topics, with overall performance 
surpassing traditional methods like latent semantic analysis (Röder et al., 2015). Based on this, this paper employs 
the LDA topic model to extract the main influencing factors of digital inclusion among rural residents from extensive 
text data, providing both theoretical and practical foundations for promoting and improving digital inclusion in rural 
areas. 

To determine the optimal number of topics, it is necessary to balance interpretability with other quantitative metrics 
(such as similarity and perplexity) to better evaluate model performance. Since LDA is a clustering model, the dif-
ferences or similarities between topics should be considered when selecting the number of topics. This study first 
employs Topic Similarity—calculated as the average cosine similarity between all "topic-word" distribution vector 
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pairs generated by the topic model—to identify the optimal number of topics (Mimno et al., 2011). As shown in 
Equation (1). 

Cosinesimilarity(A,B) = cos(θ)                                (1) 

=
A ∙ B
AB

=
∑ AiBi
n
i=1

�∑ Ai
2n

i=1 �∑ Bi2n
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Then, perplexity is used as an evaluation metric to assess the model's fitting degree and generalization capability 
under different topic numbers. Perplexity is a commonly used indicator for evaluating the quality of language models, 
reflecting the model's predictive ability for new data (Lv et al., 2023). Generally, a lower perplexity indicates that the 
model can more accurately predict new data, and thus the model is considered better (Liu et al., 2023). The calculation 
formula for perplexity is shown in Equation (2). 

Perplexity = exp�− ∑ 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑊𝑊𝑑𝑑)𝑀𝑀
𝑑𝑑=1
∑ 𝑁𝑁𝑑𝑑𝑀𝑀
𝑑𝑑=1

�                              (2) 

Finally, to measure topic interpretability, topic coherence evaluation is also required (Röder et al., 2015). The most 
fundamental topic of coherence is shown in Formula (3). 

𝐶𝐶𝑘𝑘 = ∑ ∑ log 𝐷𝐷(𝑣𝑣𝑚𝑚𝑘𝑘 ,𝑣𝑣𝑙𝑙
𝑘𝑘)+1

𝐷𝐷(𝑣𝑣𝑙𝑙
𝑘𝑘)

𝑚𝑚
𝑙𝑙=1

𝑀𝑀
𝑀𝑀=2                               (3) 

3. Findings 

Based on the text mining framework for digital inclusion among rural residents, this study conducts an in-depth 
exploration of the influencing factors of digital inclusion in rural areas. 

3.1 LDA Topic Modeling and Visualization 

We determined the optimal number of topics based on topic similarity, perplexity, and topic coherence. 
First, we plotted a curve with topic similarity on the vertical axis, as shown in Figure 2. Generally, lower topic 

similarity indicates higher topic distinctiveness and potentially better model quality. 

 
Figure 2. Topic similarity. 

Next, we plotted a perplexity curve (Figure 3). Perplexity evaluates language model performance by measuring 
predictive accuracy on test data—lower values denote better performance. 
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Figure 3. Topic perplexity. 

Finally, we generated a topic coherence curve (Figure 4). Higher topic coherence reflects stronger intra-topic rel-
evance and improved interpretability. 

 
Figure 4. Topic coherence. 

By comprehensively considering these three metrics, we ultimately set the number of topics in the model to 8 and 
reran the model to obtain the most probable topic category for each document. 

The analysis results of the LDA topic model for rural residents' digital inclusion are presented in Table 1. Based 
on the text modeling results, this study manually summarized general titles related to each topic, generating a "topic-
vocabulary" table for each topic. From Table 2, it can be observed that the themes of digital inclusion among rural 
populations encompass multiple aspects, such as rural residents' livelihoods, mobile data, remote areas, and the digital 
divide. The keywords under these topics highlight critical barriers to digital inclusion for rural populations. For ex-
ample: Rural livelihoods, Remote areas, Digital divide, Mobile data costs. These factors significantly impede rural 
populations' integration into the digital society, thus constituting key influencing factors for digital inclusion. 
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Table 1. Theme-Glossary 

No. Thematic Main Keywords 

1 Mobile Connectivity Connectivity, mobile, digital, state, connect, provide, network, south, 
project, speed 

2 Mobile Phone Mobile, month, phone, people, available, pay, shutdown, connection, 
follow, place 

3 Village Network Village, network, phone, school, people, power, smart, first, service, 
connection 

4 Rural People People, medium, rural, social, population, world, small, country, 
high, information 

5 Digital Access Access, rural, digital, infrastructure, divide, expand, reliable, learn, 
education, economy 

6 Rural and urban Rural, urban, crore, people, health, consumption, report, covid, popu-
lation, well 

7 Billion Connect Million, billion, connect, rural, program, affordable, people, connec-
tivity, single, president 

8 Government Speed Public, government, speed, local, service, mobile, connectivity, na-
tional, night, confirm 

3.2 Analysis of Affecting Factors 

To ensure the accuracy of influencing factors, this study integrates the thematic distribution characteristics of rural 
digital inclusion and consolidates the eight topics through inductive analysis. For example: Technical infrastructure 
factors, Social structural factors. The categorization aligns with prior research by relevant scholars to maintain meth-
odological rigor (Ordonez et al., 2011; Cheng et al., 2024). From technical, social, policy, and individual dimensions, 
we further identified and summarized eight influencing factors of digital inclusion among rural populations for sub-
sequent analysis. The results are presented in Table 2. 

This study, based on the eight topics mined by the LDA topic model, systematically reveals the multidimensional 
influencing factors of rural residents' digital inclusion and their interaction mechanisms. First, mobile network infra-
structure (Topic 1) and village-level network coverage (Topic 3) serve as foundational conditions, directly affecting 
the physical feasibility of digital access in rural areas. This aligns with Van Dijk's "layered digital divide theory," 
which posits that inadequate infrastructure leads to a "primary access divide," limiting residents' basic exposure to 
digital services (Huisman & Dijk, 2021). The study found that network latency and signal dead zones in remote rural 
areas may exacerbate residents' distrust of digital tools, creating a "technology rejection" mentality (e.g., "shutdown," 
"available" in Topic 2). 

Secondly, user behavior (Topic 2) and digital literacy (Topic 5) highlight the importance of subjective initiative in 
digital inclusion. Although some rural residents own smartphones, keywords such as "pay" and "learn" indicate that 
non-standardized payment scenarios and a lack of skill training limit the depth of their digital participation. This 
finding aligns with Warschauer's "social inclusion technology adaptation framework"—technology use must match 
users' cultural habits and cognitive abilities (Warschauer, 2004a). For example, elderly groups tend to rely on tradi-
tional services due to operational barriers, while younger groups may migrate to urban areas due to rural-urban dis-
parities, further weakening rural digital human capital. 

Thirdly, inclusive connectivity policies (Topic 7) and network guarantee services (Topic 8) play a crucial regula-
tory role by reducing access costs ("affordable," "program") and improving service responsiveness ("speed," "night"). 
For example, India's BharatNet project significantly increased rural broadband coverage through fiber-optic network 
subsidy policies, but its inadequate implementation efficiency exposed the limitations of single-policy approaches 
(BL New Delhi Bureau, 2025; IANS, 2025). This study reveals that population outflow (Topic 4) and urban-rural 
resource allocation imbalances (Topic 6) may lead to a "policy implementation attenuation effect"—where infra-
structure investments struggle to sustain due to labor loss, thereby diminishing policy effectiveness. 
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Table 2. Table of factors influencing the digital inclusion of rural groups 

Dimension Influencing factors No. Explain 

Technical facilities 

Mobile network infrastruc-
ture 1 Whether rural areas have poor mobile signal stability and network 

delays due to network infrastructure issues. 

Village network coverage 3 Whether there are network coverage issues in rural areas that do not 
meet the needs of rural schools and residents. 

Social structure 

Characteristics of the rural 
population 4 Whether rural residents are affected by population size, social struc-

ture, access to information, etc., affects digital adaptation. 

Urban/rural differences 6 
Whether there are differences between urban and rural residents in 
terms of digital resources, health, consumption, and access to infor-

mation. 

Government policy 

Network assurance services 8 
Whether the government is boosting the digital engagement of rural 
residents by improving the speed of rural mobile network connec-

tions and guaranteeing network nightly services. 

Inclusive connectivity policy 7 Whether the Government is pursuing an inclusive policy to ensure 
universal access and affordable prices for rural residents. 

Individual applica-
tions 

Digital literacy for users 5 
Whether rural residents have access to education and training with 
the help of digital infrastructure to improve the digital literacy of 

the rural population and reduce the digital divide. 

User behaviour 2 
Whether rural residents' willingness to use digital products is af-
fected by mobile phone payments, internet connection habits, de-

vice availability and frequency of use. 

4. Conclusions 

This study employs text mining methods to identify the influencing factors of digital inclusion among rural residents. 
The results effectively achieve the preliminary objectives of this research and provide empirical support for policy 
formulation, technological advancement, and educational needs related to digital inclusion in rural areas. More spe-
cifically, the main contributions and findings of this study can be summarized into the following two aspects: 
(1) Analyzing textual content characteristics to identify fundamental factors influencing rural residents' digital inclu-

sion: The study found that keywords such as "connectivity" and "infrastructure" ranked prominently among terms 
like "rural," "digital," and "mobile," indicating an urgent demand for rural digitization and mobile network infra-
structure and accessibility. This highlights network infrastructure as the core driver of rural digital inclusion. 
Additionally, the research revealed the level of network coverage in rural areas, residents' ability to acquire digital 
devices, disparities in digital resource allocation between urban and rural areas, and regional heterogeneity—
namely, that digital inclusion progresses more slowly among rural residents in developing regions compared to 
developed countries. 

(2) Identify and categorize the influencing factors of digital inclusion among rural residents: According to this study's 
analysis, the influencing factors of rural digital inclusion exhibit multidimensional and multilevel characteristics. 
Through the application of the LDA topic model, the research reveals the key roles of various levels—from 
technological infrastructure, social structure, government policies, to individual applications—in promoting dig-
ital inclusion among rural populations. Specifically, the improvement of technological infrastructure, such as 
mobile network construction and village-level network coverage, serves as a foundational condition for digital 
inclusion, directly affecting rural areas' digital access capabilities. Meanwhile, urban-rural disparities and rural 
population characteristics within the social structure constrain rural residents' digital adaptability and participa-
tion to some extent. On this basis, effective government policies, particularly the implementation of network 
guarantee services and inclusive connectivity policies, can significantly enhance rural residents' digital participa-
tion. Simultaneously, individual digital literacy and user behavior are also critical factors determining the depth 
of digital inclusion. By enhancing education and training, optimizing payment scenarios, and improving device 
usage support, the digital divide can be effectively narrowed, promoting comprehensive digital inclusion for rural 
populations. 
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Based on our analysis and findings, government agencies can further refine inclusive policies, enterprises can 
adjust strategies to enhance internet access in rural areas, and social organizations can participate more actively in 
digital literacy training for rural residents, collectively advancing the process of rural digital inclusion. 

As an exploratory study, this research inevitably has certain limitations. First, the social media data samples se-
lected for analysis were sourced exclusively from Platform X. While these data possess high social influence and 
interactivity, potential biases may remain. Additionally, focusing solely on English texts may overlook the unique 
needs of non-English-speaking populations, as user requirements could vary significantly across different languages 
and cultural contexts. Furthermore, although this study examined multidimensional influencing factors, its conclu-
sions remain dependent on existing data and model analysis results, without further validation or in-depth exploration 
of these factors' actual impact and feasibility in policy implementation. More empirical research is needed to verify 
and support these findings. 

In summary, this study provides a multidimensional analysis of the influencing factors of digital inclusion among 
rural residents, offering a theoretical foundation for future policy formulation. To achieve equitable development in 
the digital society, policymakers should prioritize sustained investment in technological infrastructure while address-
ing urban-rural disparities, strengthening digital literacy education, and promoting cross-sector collaboration to ena-
ble more comprehensive and sustainable rural digital inclusion. 
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