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Abstract. Nowadays, the development of rural areas still faces difficulties and
challenges, such as unbalanced economic development, insufficient infrastruc-
ture and public services, and backwardness of education level due to brain drain
still exist. In order to promote the modernization of agriculture and industrial
upgrading, and to support the sustainable development of the national economy,
the article takes Kengwei Village in Shantou City as an example, and carries out
a specific analysis of the factors that promote the revitalization of the countryside
based on the relevant application of machine learning using the algorithms of
K-nearest neighbour (KNN), decision tree, logistic regression, and random for-
est. Through data visualization, a more intuitive understanding of the cognitive
village, enhance the understanding of the three rural issues, and actively con-
tribute to rural revitalization.

Keywords: data analysis; rural revitalization; decision tree; K-nearest neighbour
(KNN); logistic regression

1 INTRODUCTION

Rural revitalization is an inevitable requirement for building a socialist modernization
in China. While modern agriculture has developed rapidly, rural areas have lagged
behind, facing economic disparities, environmental degradation, and inadequate in-
frastructure compared to urban counterparts(!. This study employs algorithms such as
knn, decision trees, logistic regression, and random forests to build models aimed at
promoting agricultural modernization and industrial upgrading. Evaluation metrics
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such as confusion matrices, accuracy, ROC curves, AUC, precision, recall, and F1
score assess model performance. Detailed analysis of factors contributing to rural
revitalization is conducted, enhancing understanding through visualization to provide a
scientific basis for rural revitalization strategies.

2 MATERIALS AND METHODS

2.1  Overview of the Study Area

Kengwei Village, located at the southeast end of Chaoyang District in Shantou City,
borders the Leian River estuary on three sides, enjoying a unique geographical ad-
vantage and scenic beauty. The village features 50 acres of rapeseed and mulberry
flower fields that complement each other, showcasing not only beautiful surroundings
but also profound historical and cultural significance. As an old revolutionary area,
Kengwei Village preserves remnants of anti-Japanese militia sites, embodying the
spirit of the revolution that continues to inspire villagers in their perseverance. The
village has effectively connected its achievements in poverty alleviation with rural
revitalization efforts, continually leading local residents toward prosperity.

2.2  Research Indicators and Content

The study combines factors such as villagers' education levels, presence of returning
university graduates in households, influx of external population, public safety, infra-
structure development, and overall quality of life for analysis. The influencing factors
and meanings are shown in Table 1. Due to the multitude of factors influencing rural
revitalization, this research primarily focuses on villagers' sense of well-being and
includes field interviews!!.

Table 1. Rural Revitalization Influencing Factors

Influencing factors explanation

ducational attainment Literacy of villagers, education in villages.

Whether the college students in the village return to
work, participate in rural construction, and promote
rural revitalization.

College students returning
home to work

Influx of foreign population in the village and
Foreign population inflows whether it is conducive to village development and
construction.

The security situation in the village, order in public

Law and order situation places and illegal and criminal behaviors.

Infrastructure construction in the village, such as

Infrastructure development .
houses, roads, recreational areas, etc.

Quality of life and sense of well-being of villagers

Overall quality of life and outsiders in the village.
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2.3  Research Ideas

To gain deeper insights into the current status and issues of rural revitalization in China,
it is crucial to conduct research and analyze relevant data. Initially, demographic var-
iables such as gender, education level, presence of returning university graduates,
awareness of external population inflow, assessment of local public safety, and evalu-
ation of infrastructure development should be treated as control variables in the model.
The dependent variable will be villagers' assessments of their quality of lifel*!,

2.4  Research Theory and Algorithm Model

Data Preprocessing.

Data Collection: This study employed a questionnaire survey method to randomly
survey residents and migrants in Kengwei Village, Haimen Town, Chaoyang District,
Shantou City, Guangdong Province. A total of 500 questionnaires were distributed,
with 462 collected. The survey collected data on residents' gender, education level,
presence of returning college students in their families, awareness of migrant influx
into the village, public safety in Kengwei Village, infrastructure development, and
overall quality of life.

Control of sample selection bias: Random sampling was used to select residents for the
questionnaire survey, ensuring the sample's representativeness and randomness to
minimize potential sample selection bias.

Quality control measures: Measures included defining the theme of rural revitalization
factors, simplifying questionnaire structure and content, ensuring sample diversity and
representativeness, and focusing on usability and accessibility to improve survey
quality and provide a solid data foundation.

Data Cleaning: Data collected were cleaned and organized, involving deletion of blank
rows, handling duplicate entries, and addressing outliers.

Feature Selection: For rural revitalization research, select features related to rural
quality of life aspects and exclude invalid features that do not affect the prediction.

Data Standardization: Standardization involved transforming feature values to have a
mean of 0 and a standard deviation of 1, eliminating scale differences among features.

Data Splitting: Split into training set and test set.

K-nearest Neighbour (KNN) Algorithm. KNN is a basic and intuitive classification
and regression algorithm. It classifies or predicts by finding the K closest data points in
the training set to a new data point'l,
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Model Instantiation: Instantiate a KNN classifier.
KNN = KNeighborsClassifier(n_neighbors=5)

Model Training:.
Using training data to fit the KNN model.
KNN. fit(X train, y_train)
# X _train is the feature data, y_train is the corresponding class labels
Model Prediction: Use the trained model to predict the testing set. Predict the impact of

various factors on rural revitalization.
KNN_pred = KNN.predict(X _test)

Logistic Regression Model. Logistic Regression is a linear model for dichotomous or
multicategorical tasks that predicts category probabilities by learning the weights of
features in the datal®!.

Model Establishment: LR = LogisticRegression().

Model Training: LR fit(X train, y_train)

Model Prediction: LR_pred = LR predict(X test)

Decision Tree Model. Decision tree is a common machine learning algorithm for
classification and regression problems. A decision tree model builds a tree-like struc-
ture by recursively partitioning features in a dataset for the purpose of classifying or
predicting datal®! .

Model Instantiation: reg = DecisionTreeRegressor().

Model Training: DT.fit(X train, y_train)

Model Prediction: DT pred = DT predict(X test)

Random Forest Model. Random forests improve the performance and stability of the
model by combining multiple decision tree-based classifiers for tasks such as classi-
fication and regression!”),

Model Instantiation: RF = RandomForestClassifier().

Model Training: RF.fit(X_train, y_train)

Model Prediction: RF_pred = RF predict(X test)
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Model Evaluation.

Confusion Matrix: Confusion matrix is a tool used to assess the performance of a
classification model. It measures the accuracy of the model by comparing actual classes
with predicted classes!®l.

In a scenario where the predicted classes are divided into Positive and Negative, and
the accuracy of predictions is classified as True or False.

There are four relationships between the prediction labels and the true labels of the
data as follows:

TP(TruePositive,correctly predicted positive overdue result)

TN(TrueNegative,correctly predicted negative normal result)

FP(FalsePositive,false predicted positive overdue result)

FN(FalseNegative,false predicted negative normal result)

Model Accuracy: Accuracy is the most intuitive evaluation metric,the number of cor-
rectly classified samples divided by the total number of samples, as in Equation 1.

TP+TN

Accuracy = ——— (1)
TP+TN+FN+FP

Figure 1 shows a visualization of the accuracy of the four models, comparing the
accuracy of the four models.
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Fig. 1. Model Accuracy

ROC And AUC: Receiver Operating Characteristic (ROC) Curve and AUC (Area
Under the Curve) are important indicators for evaluating the performance of binary
classification models.

ROC Curve: Describes the relationship between True Positive Rate (TPR) and False
Positive Rate (FPR) at different thresholds. TPR denotes the proportion of true cases
and FPR denotes the proportion of false positive cases.

AUC Indicator: The AUC metric represents the area under the ROC curve. It pro-
vides a comprehensive evaluation of a model's performance across all possible
thresholds. A higher AUC value indicates better model performance.
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Fig. 2. ROC

Figure 2 shows the results of KNN, logistic regression, decision tree, and random
forest, four models trained and evaluated using ROC curves with AUC as evaluation
metrics'.

Comparison of performance indicators:The performance of four different classifica-
tion algorithms was evaluated using Accuracy, Precision, Recall, F1_score, AUC, five
metrics respectively, with the following formulas.

TP

Precision = —— 2)

TP+FP

TP
Recall = ?3)
TP+FN
2XPrecisionxRecall
F1_Score = ————2T2 20 )
Precision+Recall

The performance of four algorithms, decision tree, logistic regression, KNN and
random forest, were evaluated using five indexes respectively, as shown in Figure 3.
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Fig. 3. Algorithm Performance Comparison
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3 RESULTS AND ANALYSIS

3.1  Survey Results

This study conducted a random survey among villagers and outsiders in Kengwei
Village, Haimen Town, Chaoyang District, Shantou City, Guangdong Province. Out of
500 questionnaires distributed, 462 were returned, achieving an effective response rate
of 92.4%. Given ongoing improvements in local industrial development and the im-
plementation of various pro-people policies, there has been an influx of outsiders,
prompting their inclusion as subjects to ensure objective data and conclusions.!'?!,

According to Table 2, among the surveyed villagers and outsiders, males account for
53.9% and females for 46.1%, with a nearly equal distribution. The majority have
attained primary (39.17%) or secondary education (31.82%). Only 5.41% of house-
holds have university graduates who have returned to work in the village. Regarding
public safety, most respondents rate it as fair or poor, comprising 29.65% and 43.51%,
respectively. Similarly, opinions on infrastructure development in the village are pre-
dominantly fair or poor, at 43.07% and 30.09% respectively.

Table 2. Factors related to rural revitalization in Kengwei Village, Haimen Town

iect ¢ f Propor-
projec category requency tion (%)
Gend masculine 249 53.90
eneer woman 213 46.10
primary school 181 39.17
junior high school 147 31.82
Educational level high school 98 21.21
College or undergraduate degree 36 7.79
Graduate or above 0 0
No college students 178 38.53
Are there any college There are college students who have 259 56.06
students returning to work no plans to return to their hometowns
at home for work
There are college students who have 25 541
returned to their hometowns to work
Very rare 56 12.12
. . Less 121 26.19
The 1pﬂ0yv of forel{gn commonly 158 34.20
population into the village
as understood More 89 19.26
A lot 38 8.23
Very good 26 5.63
The security situation in good 98 21.21
the Village Commonly 137 29.65
Poor 201 43.51
Very good 32 6.93
Infrastructure construction ood %) 1991
in the village £ -
commonly 199 43.07
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. Propor-

project category frequency tion (%)
Poor 139 30.09
The overall quality of life Very good 27 5.84
of villagers good 128 2771
commonly 221 47.84
Poor 86 18.61

3.2 Analysis Results

Data visualization and analysis. Through sample analysis in Kengwei Village, vil-
lagers' evaluations of their quality of life show that 5.8% rate it as excellent, 27.7% as
good, 47.8% as average, and 18.6% as poor. Nearly half of the surveyed villagers
perceive their quality of life as average, as depicted in Figure 4.

poor

very good 18. 6%
5. 8%

. | fair

good

Fig. 4. Overall quality of life in Kengwei Village.

Calculate the correlation coefficients between quality of life and various factors, then
plot a histogram like Figure 5. This will help identify which factors have a significant
impact on the quality of life in Kengwei Village, enabling targeted strategies or policies
to enhance living standards there.

Coefficient of correlation between
quality of life and various factors

Inflow of foreign population NN

sex
Education leve| N
Col lege students return home NN
Education popularization N
Infrastructure construction NS

Public security
0.0 0.2 0.4 0.6

Fig. 5. Coefficient of correlation between quality of life and various factors

The figure indicates a strong correlation between public safety, infrastructure de-
velopment, and residents' perception of quality of life, whereas external population and
gender show lower correlation. Improvements should focus on enhancing public safety
management and optimizing village infrastructure to make daily life more convenient
for residents.
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Analysis of modeling results. Decision Tree: Visualize and output the importance of
each feature in the decision tree model. Train the decision tree model on the training set
and predict on the test set. Obtain the feature importance from the trained decision tree
model, sort the feature importance, and present it in a bar chart!''],

Feature Importances

Public security I
Infrastructure construction N
Education popularization NN
Col lege students return home
Education level
sex
Inflow of foreign population

0.0 0.2 0.4 0.6

Fig. 6. Feature importances

From Figure 6, it is evident that public safety and infrastructure development in
Kengwei Village have a significant impact on the quality of life for its residents.

Trained K-Nearest Neighbors (KNN) classification and Logistic Regression models
using StandardScaler to standardize feature data for both training and testing sets.
Created a KNeighborsClassifier object, fitted it with training data, and predicted using
the test set to assess KNN model performance. Similarly, created a LogisticRegression
model object, fitted it with standardized training data, and evaluated its performance.
Visualized feature importance of the logistic regression model's coefficients using
model.coef in a bar chart as shown in Figure 712,

Feature Coefficients
Public security [N

Infrastructure construction |
Education popularization |
College students return home |
Education level I
sex I
Inflow of foreign population |
0.0 5 1.0 1.5

0.
Coefficient

Fig. 7. Feature Coefficients

In general, public safety significantly impacts the quality of life satisfaction among
residents of Kengwei Village, followed by infrastructure development. Rural revitali-
zation efforts should prioritize improving these two aspects to effectively enhance the
quality of life for villagers!'?!.

4 OPTIMIZATION SUGGESTIONS FOR RURAL
REVITALIZATION IN KENGWEI VILLAGE BASED ON
ALGORITHM ANALYSIS

Our study focuses on distributing questionnaires, organizing data, and analyzing rural
revitalization factors through model algorithm and visualization analysis. We identified
public safety and infrastructure development as crucial factors affecting villagers'
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quality of life. Based on this analysis, we propose the following optimization sugges-
tions for promoting rural revitalization in Kengwei Village:

4.1 Improve Public Safety

Enhance police presence and patrol frequency, strengthen village security monitoring
and prevention measures. Enforce public security laws and regulations, with law en-
forcement actively serving the community. Maintaining rural social stability is pivotal,
including cracking down on illegal activities, a key strategy for rural revitalization.

4.2  Enhance Infrastructure Development

Prioritize investments in improving village roads, water supply, drainage systems, and
other infrastructure to enhance residents' convenience and comfort. Promote public
service facilities such as healthcare centers, cultural venues, and sports facilities to
meet diverse community needs. Improve communication network coverage and in-
ternet access to support the spread of information technology in villages, fostering rural
e-commerce and remote work.

4.3 Enhance Villagers' Education and Cultural Literacy

Strengthen education and training for villagers, particularly enhancing cultural literacy
and vocational skills among rural youth and adults. Support and attract university
graduates to return to or stay in villages for entrepreneurship or employment through
policy and project support. Establish diverse cultural and educational resources like
libraries, art exhibitions, and cultural festivals to enrich villagers' cultural and spiritual
life.

By implementing these measures, we can effectively enhance villagers' quality of
life and satisfaction. Additionally, initiatives such as establishing job platforms, en-
hancing policy support, and creating entrepreneurship subsidies can transform the
current agricultural industry model in rural areas, further advancing comprehensive
development for Kengwei Village's rural revitalization.

5 CONCLUSION

Through research, a detailed analysis of factors promoting rural revitalization is con-
ducted. By comparing the importance of these factors, it provides a scientific basis for
formulating rural revitalization strategies. Improvements in public safety, infrastruc-
ture, cultural education, and social security will enhance the quality of life for villagers
and achieve comprehensive well-off status for rural populations. Rural revitalization
strategies are crucial for building a modern economic system. Measures include up-
grading rural industries, modernizing agriculture, and developing distinctive rural
industries to adjust and upgrade the rural economic structure.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
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source, provide a link to the Creative Commons license and indicate if changes were made.
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