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Abstract. This paper designs and evaluates a system that integrates artistic core
literacy with rural aesthetic education, utilizing data mining, machine learning,
and distributed computing technologies to enhance system performance. The sys-
tem's response time and resource utilization were tested under 100 to 1000 con-
current users using a server with a 16-core CPU and 64GB of memory by simu-
lating real-world application scenarios. The results show that the system remains
stable under moderate load, maintaining a response time within 1 second. How-
ever, under high load, the response time increases to 2 seconds, with resource
utilization exceeding 85%..
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1 INTRODUCTION

As the role of art education in societal development continues to grow, effectively as-
sessing students' artistic core literacy has become a significant topic in educational re-
search [1]. Due to its advantages in handling large-scale data, data mining provides new
methodological support for evaluating artistic literacy. This study builds an assessment
model of artistic core literacy based on data mining and validates its effectiveness
through experiments. The expected outcomes not only support theoretical research but
also provide practical tools for educational practice, aiming to improve assessment ac-
curacy and efficiency and enhance the overall quality of art education.

2 ANALYSIS OF ARTISTIC CORE LITERACY BASED ON
DATA MINING

2.1 Data Preprocessing

Data preprocessing is the first step in constructing a model based on data mining, di-
rectly impacting the accuracy and reliability of analysis results. In the field of art edu-
cation, the collected data often exhibit diversity and complexity, potentially containing
substantial noise, missing values, and outliers.
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First, data cleaning is essential to remove or correct errors or anomalies in the da-
taset, such as input errors and duplicate data. Techniques such as box plots or Z-score
methods can identify outliers, with options to delete or replace them as needed. For
missing data, common methods include mean imputation, interpolation, or more com-
plex algorithms like KNN imputation to ensure data integrity and consistency[2]. Ad-
ditionally, data standardization and normalization are necessary, especially in multi-
dimensional data analysis, scaling data to a unified range to enhance algorithm stability
and model convergence speed. Methods like Z-score standardization can eliminate dif-
ferences in feature scales, while normalization compresses data to a fixed range, typi-
cally between 0 and 1.

2.2  Feature Extraction and Selection

In analyzing artistic core literacy, initial data often have high-dimensional features,
containing many redundant pieces of information. These redundancies not only in-
crease computational complexity but may also lead to model overfitting[3].

Principal Component Analysis (PCA) is a commonly used dimensionality reduction
method that retains the most information from the original data by projecting high-
dimensional data onto a lower-dimensional space. The implementation of PCA includes
calculating the covariance matrix of the data, performing eigenvalue decomposition,
and selecting principal components with the largest eigenvalues[4]. These principal
components represent the main variance directions of the data, effectively simplifying
the model. In addition, the importance scoring method of Random Forest assesses the
contribution of each feature to the model’s prediction results by constructing multiple
decision trees, helping to identify the most influential features. This method not only
enhances model interpretability but also reduces interference from redundant features.
By combining PCA and Random Forest methods, the optimal feature set can be selected
while maintaining data integrity, improving model accuracy and stability.

2.3  Evaluation of Artistic Core Literacy

The evaluation of artistic core literacy systematically measures students' comprehen-
sive abilities in the arts, covering dimensions such as creativity, expressiveness, tech-
nical skills, and cultural understanding. Traditional assessment methods often rely on
subjective teacher judgment, which can be affected by personal biases and inconsistent
standards[5]. To improve the objectivity and scientific nature of assessments, a data
mining-based evaluation model has been developed. Using machine learning algo-
rithms, such as Support Vector Machines (SVM), Random Forest, or Neural Network
models, students' artistic performances can be quantitatively assessed. These models
utilize extensive historical data and feature information to automatically identify and
predict students’ levels of artistic literacy, ensuring assessment accuracy and con-
sistency. The models should undergo cross-validation and evaluation on independent
test sets to ensure their generalization ability and stability in practical applications. To
enhance the credibility of the assessment, expert opinions should also be integrated for
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interpreting and validating the model results, ensuring that the assessment outcomes are
both data-supported and aligned with the practical needs of art education.

3 SYSTEM DESIGN FOR INTEGRATING ARTISTIC CORE
LITERACY WITH RURAL AESTHETIC EDUCATION

3.1 System Functional Requirements Analysis

Defining functional requirements is fundamental to ensuring the effective operation of
a system designed to integrate artistic core literacy with rural aesthetic education.
Firstly, the system needs to provide diverse art education resources, such as video
courses, audio lectures, and digital textbooks, catering to students of different ages and
levels of artistic literacy. Statistics show that 80% of rural schools lack quality art edu-
cation resources; the system should fill this gap by offering a wealth of online learning
materials[6]. Secondly, the system should feature intelligent recommendation capabil-
ities, analyzing students' learning data and performance records to provide personalized
learning paths and resources, enhancing learning outcomes. According to surveys, per-
sonalized learning recommendations can improve learning efficiency by over 30%. Ad-
ditionally, the system should include real-time assessment functionality, utilizing data
mining techniques to automatically analyze students' artistic performances and generate
feedback reports, helping teachers to adjust teaching strategies precisely. This feature
can reduce teaching feedback time by 50%, significantly improving teaching efficiency.
Lastly, the system should support multi-user interaction, encouraging communication
among teachers, students, and parents, forming a learning community that enhances
educational collaboration and interaction.

3.2  System Performance Requirements Analysis

In the performance requirements analysis for a system that integrates artistic core liter-
acy with rural aesthetic education, the system must maintain efficient response times as
the number of concurrent users increases significantly [7]. As the number of concurrent
users increases from 100 to 1000, the system's response time gradually increases. This
requires the system to have excellent scalability and resource management mechanisms
to ensure response times remain within 2 seconds even when user loads peak. The sys-
tem should implement effective load balancing and performance optimization strate-
gies, such as using caching and asynchronous processing techniques, to reduce direct
database queries and lower latency [8]. These performance assurance measures will
ensure that even under high load conditions, user experience is not affected, thereby
supporting the system's stable operation and widespread application in promoting rural
aesthetic education.
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3.3  System Architecture Design

The architecture is divided into three main layers: the data layer, the business logic
layer, and the presentation layer. Refer to Figure 1 for details.The data layer employs
an efficient database management system to store user data and art resources, the busi-
ness logic layer handles data analysis and core algorithms, while the presentation layer
is responsible for providing the user interface [9]. The system also integrates a micro-
services architecture, with each service deployed using containerization technology,
enhancing the system's modularity and independent scalability. The entire architecture
is designed to support high concurrent access while maintaining high data security and
fast response times, ensuring the system's stable operation across different educational
environments.

business logic

Data layer layer

System architecture
design

presentation
layer

Fig. 1. System Architecture Design

3.4  Key Technologies

Implementing a system that integrates artistic core literacy with rural aesthetic educa-
tion requires the integration of various key technologies to ensure the system's effi-
ciency and stability. Data mining technology is central to the system, processing and
analyzing large volumes of educational data to uncover patterns and characteristics in
student learning behaviors. For example, classification algorithms can grade students'
artistic performances, while clustering algorithms can identify different learning styles,
thereby providing personalized educational recommendations. Machine learning tech-
nology is indispensable, particularly supervised learning and deep learning methods,
which, through model training, can automate the assessment and prediction of students’
artistic literacy. This not only enhances assessment accuracy but also identifies poten-
tial issues in the learning process. Natural Language Processing (NLP) technology is
also key, enabling the system to understand and process students’ textual inputs, such
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as open-ended question responses and reflection logs, providing a more comprehensive
assessment of students’ understanding and performance. To ensure the system's scala-
bility and support for high concurrency, distributed computing technology and cloud
computing platforms are crucial, dynamically allocating computing resources to handle
sudden spikes in access requests, ensuring smooth system operation. Data security tech-
nology is equally important, employing encryption, authentication, and access control
measures to protect user privacy and data security.

4 EXPERIMENTAL RESULTS AND ANALYSIS

4.1 Experimental Design

In the experimental design, a method simulating real-world application scenarios was
used to test the system's performance under varying numbers of concurrent users. The
experimental environment included a server with a 16-core CPU and 64GB of memory,
running on a Linux operating system. During the experiments, scenarios simulating 100
to 1000 concurrent users accessing the system were tested to evaluate response time
and resource utilization. To ensure the reliability of the experimental results, multiple
tests were repeated at different times, collecting and analyzing the average response
time and resource consumption data for each test. The experimental design also in-
cluded independent performance testing of each system module [10], particularly the
database query module and data processing module, to identify system bottlenecks.

4.2 Dataset and Evaluation Metrics

The experiment used a dataset containing 100,000 records related to art education, in-
cluding students' artistic performance scores, educational resource usage, and feedback
data [11]. The dataset was standardized and normalized to ensure its suitability for
model training and testing. The evaluation metrics primarily included model accuracy,
recall, and F1 score, which were used to assess the system's performance in artistic core
literacy evaluation. Specifically, model accuracy was used to evaluate the model's pre-
dictive ability across different datasets, while the system's processing speed and re-
source utilization were used to assess its performance under high concurrency condi-
tions.

4.3  Analysis of Experimental Results

The experimental results show significant differences in system performance under dif-
ferent numbers of concurrent users. When the number of concurrent users ranged from
100 to 500, the system response time remained within 1 second, and resource utilization
was at a reasonable level, indicating that the system could efficiently handle moderate
loads. However, when the number of concurrent users exceeded 700, the response time
began to increase significantly, reaching approximately 1.8 seconds, indicating that the
system was gradually approaching its performance bottleneck. Specifically, in the test
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with 1000 concurrent users, the system response time approached 2 seconds, and re-
source utilization exceeded 85%, with noticeable performance pressure on the database
query and data processing modules. These results suggest that under high concurrency
conditions, the system's scalability and resource management strategies still require op-
timization. Performance testing of the database query module revealed that its de-
creased response speed under high concurrency conditions was the main reason for the
system bottleneck[12]. It is recommended to further optimize query algorithms and use
caching mechanisms to reduce the frequency of database access. Model accuracy re-
mained above 90% on different datasets, with stable recall and F1 scores, indicating
that the system has high reliability and validity in assessing artistic core literacy.

5 CONCLUSION

This paper, through the design and analysis of a system integrating artistic core literacy
with rural aesthetic education, explores the application of key technologies such as data
mining, machine learning, and distributed computing and their impact on system per-
formance. The experimental results validate the system's stability and effectiveness un-
der moderate loads and reveal optimization directions under high concurrency condi-
tions. Future research will further enhance the system's scalability and responsiveness
to promote the widespread application and development of rural aesthetic education.
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