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Abstract: This study explores the innovative
application and societal impact of artificial
intelligence (AI) in student behavior early
warning systems (EWS) within smart
campuses. As information technology
advances, smart campuses have become
integral to modern education, and AI
introduces new possibilities for EWS.
Through literature review and theoretical
analysis, this paper systematically reviews
related studies, examining the current
applications and potential societal impacts
of AI in EWS. The study first defines the
basic concepts of smart campuses and AI,
followed by an analysis of AI's specific
applications in EWS, including behavior
data collection, analysis, and anomaly
detection. A comprehensive review of
existing research reveals that AI enhances
the accuracy and timeliness of warnings and
provides scientific decision support for
educational administrators. However, AI's
application also raises data privacy and
ethical concerns, necessitating the
development of relevant laws and ethical
standards. The paper proposes future
research directions, including optimizing AI
algorithms, fostering interdisciplinary
collaboration, and exploring AI applications
in various educational settings. This study
aims to provide theoretical support for
smart campus development, promote the
widespread use of AI in education, and
enhance educational equity and quality.
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1.Introduction

1.1 Research Background and Significance
A smart campus integrates modern information

technology with education to create efficient,
convenient, secure, and intelligent educational
environments. The development of artificial
intelligence (AI) has significantly advanced the
construction of smart campuses. Student
behavior early warning systems (EWS), an
essential part of smart campuses, collect and
analyze student behavior data to identify
potential issues early, providing educational
administrators with intervention measures.
This optimizes resource allocation and
improves educational quality and effectiveness.
Given the current focus on student mental
health and behavioral development, exploring
AI's innovative applications in EWS is of
substantial practical and academic value.

1.2 Research Objectives and Methods
This study aims to explore the innovative
applications and societal impacts of AI in
student behavior EWS within smart campuses.
Through literature review and theoretical
analysis, the study systematically evaluates the
current applications and technological
innovations of AI in EWS. It deeply analyzes
AI's potential to enhance educational
management efficiency and promote
educational equity while addressing data
privacy and ethical issues. The study also
proposes future research directions and
improvement suggestions.

1.3 Review of Domestic and International
Research
In China, the government has prioritized smart
campus construction, leading to increased
research in this area. He Hongwei et al. (2022)
discussed AI applications in university smart
campuses based on cloud computing,
emphasizing the importance of cloud
computing for handling large-scale data and
providing efficient computational resources [1].
Xing Weiyin et al. (2021) reviewed big data
processing technologies in smart campus
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construction, highlighting their support for
campus management and decision-making [2].
In practical applications, Qin Zhaoli (2023)
studied AI-driven innovations in ideological
and political education in colleges, suggesting
the use of AI for student behavior analysis and
psychological counseling to enhance
educational effectiveness [3]. Wang Ying
(2018) explored innovations in virtual campus
cards based on "AI + Big Data," showcasing
AI's potential in campus payments and identity
verification [4]. Guo Chaurui and Hu Zhigang
(2020) analyzed AI applications in smart
campus construction, emphasizing its role in
enhancing campus security, optimizing
resource allocation, and improving student
experience [5]. Song Shuang (2019) discussed
facial recognition technology in campus
management, noting its effectiveness in
enhancing campus security management [6].
Internationally, the concept of smart campuses
has also gained significant attention,
particularly in developed countries and regions
such as Europe and North America. Foreign
research focuses more on using AI and big
data to optimize educational resources and
design personalized learning pathways. For
example, studies have explored using AI to
analyze student behavior, predict academic
performance, and provide customized learning
resources through intelligent recommendation
systems.
Smart campus construction not only improves
educational management efficiency and quality
but also promotes educational equity.
Emphasized by the Two Sessions, educational
equity and quality are crucial, and smart
campuses are an effective means to achieve
these goals. AI and big data technologies better
analyze student learning needs, providing
personalized instructional support to bridge
educational gaps across different regions and
backgrounds. Additionally, smart campus
construction fosters educational innovation.
For instance, Cao Zhijie and Chen Jing (2022)
showcased a case study of Jiangsu Changzhou
Biaoqianjie Primary School in "Jiangsu
Education," illustrating how digital multi-
dimensional evaluations create new pathways
for student development [11]. Such innovative
educational models stimulate student interest,
fostering creativity and practical skills.
In summary, domestic and international
research has made considerable progress in

smart campus construction, particularly in AI
and big data applications. However, challenges
such as data security, privacy protection, and
deep integration of technology and education
remain. Future research should address these
issues to ensure the healthy and sustainable
development of smart campuses, better serving
the advancement of education.

2.Overview of Smart Campuses

2.1 Definition and Characteristics of Smart
Campuses
A smart campus integrates modern information
technologies to achieve intelligent
management and services within educational
environments. Core characteristics include
comprehensive data collection and analysis,
intelligent teaching support and management,
and highly interactive platforms for teacher-
student engagement. By leveraging
technologies such as big data, cloud computing,
and the Internet of Things (IoT), smart
campuses provide precise services and
management for the educational process,
offering personalized learning support to
students.

2.2 Objectives And Strategies For Smart
Campus Construction
The construction of smart campuses aims to
enhance the efficiency and quality of
educational management through
informatization. Specific strategies include
building unified data collection and
management platforms to achieve resource
sharing and coordination, utilizing AI
technologies to optimize educational
management and teaching processes—such as
personalized learning resource
recommendations and behavior warning
systems—and strengthening network and
information security to ensure the reliability of
campus information systems.

3.Application of Artificial Intelligence in
Smart Campuses

3.1 Basic Concepts and Technological
Framework of Artificial Intelligence
Artificial Intelligence (AI) refers to computer
systems capable of performing tasks that
typically require human intelligence, such as
image recognition, natural language processing,
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and decision analysis. AI simulates and
extends human cognitive processes to solve
complex problems. Its goal is not only efficient
data processing but also autonomous learning
and improvement, thereby enhancing
algorithm accuracy and flexibility over time.
As one of the most promising technologies of
the 21st century, AI's powerful computational
capabilities and innovative potential have been
widely applied across various fields, including
smart campus construction and management.
The technological framework of AI includes
several key stages:
Data Collection: Data is the foundation of all
AI applications. Devices such as smart
cameras, sensors, and microphones collect
large volumes of images, audio, and text data.
These devices are deployed in various settings
like classrooms, libraries, and dormitories to
record student behaviors, emotions, and
learning activities.
Data Processing: The collected data, often vast
and complex, must undergo cleaning,
transformation, and storage. Data cleaning
removes noise and errors, data transformation
formats the data for subsequent analysis tools
or models, and data storage ensures efficient
data retrieval and access.
Algorithm Design: Algorithms are the core of
AI. By designing algorithmic models, AI
systems can analyze and reason about data.
Common algorithms include decision trees,
neural networks, and support vector machines.
Recently, deep learning has become a major
focus due to its superior performance in
complex tasks. Deep learning relies on multi-
layer neural network structures to
automatically extract complex features from
data, achieving high-precision predictions and
classifications.
Application Deployment: AI models, once
processed and designed, are deployed in real-
world scenarios to provide intelligent services.
In education, these applications include
intelligent teaching systems, educational
assessment tools, and student behavior analysis
systems.
Big data and deep learning are two crucial
pillars of AI technology. Big data provides
diverse and reliable data sources for AI system
training. Deep learning utilizes efficient
algorithms and powerful computational
capabilities to extract deep-seated information
from big data, enabling intelligent decision-

making and prediction. The combination of
these two elements equips AI systems with the
ability to tackle complex tasks such as facial
recognition in image processing and natural
language processing in voice assistants.

3.2 Current Applications of Artificial
Intelligence in Education
Intelligent Teaching Systems: AI-driven
systems facilitate personalized teaching,
improving both teaching effectiveness and
student satisfaction. These systems adjust
teaching content and difficulty based on
student progress, knowledge mastery, and
interests. For example, intelligent tutoring
software adapts the difficulty of subsequent
exercises based on student accuracy and
response time, ensuring that each student
receives resources tailored to their level.
Additionally, through speech recognition and
natural language processing, intelligent
classroom assistants can answer student
questions in real-time, providing immediate
feedback and allowing teachers to focus on
instructional guidance.
Educational Assessment: AI provides more
objective and precise assessment outcomes,
overcoming the subjectivity and inefficiency of
traditional paper-based tests and manual
grading. Online exam systems using image
recognition can automatically grade student
answers, while natural language processing
can analyze essays, offering detailed scores
and improvement suggestions. AI also
evaluates student behavior data to assess
learning attitudes and engagement,
supplementing traditional assessment methods.
Student Behavior Analysis: AI monitors
student learning behaviors and social
interactions in real-time, providing robust
decision support. Smart cameras and sensors
record in-class behaviors such as attendance
and attention levels. Image recognition and
behavior analysis algorithms identify
anomalies like prolonged non-participation or
low mood, alerting educators for timely
intervention. Social interaction analysis
leverages natural language processing to
examine social media statements, detecting
emotional changes and helping educators
understand students' psychological states and
social relationships.

4.Theoretical Foundation of Student
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Behavior Early Warning Systems

4.1 Definition and Functions of Student
Behavior Early Warning Systems
A student behavior early warning system
(EWS) is an educational management tool that
uses modern information technology to collect
and analyze student behavior data
comprehensively. Its purpose is to identify
students who may have potential problems or
risks early and alert educational administrators
to take timely intervention measures. The
system monitors academic performance as well
as psychological health, social behavior, and
lifestyle habits to provide holistic protection
and support to students.
In summary, a student behavior EWS is a
complex, multi-functional educational
management tool that enhances the scientific
and effective management of student behavior
through data collection, data analysis, warning
generation, and intervention strategy design. It
focuses on academic performance as well as
psychological well-being and overall
development, helping institutions achieve
personalized education and educational equity.

4.2 Theoretical Model of Student Behavior
Early Warning Systems
The theoretical model of a student behavior
EWS is primarily based on educational
psychology and data science theories.
Educational psychology provides the
theoretical support for behavioral patterns and
psychological characteristics, while data
science offers the technical means for data
processing and analysis. By integrating these
two disciplines, EWS can achieve multi-
dimensional analysis and precise early
warnings.

5.Innovative Applications of Artificial
Intelligence in Student Behavior Early
Warning Systems

5.1 Data Collection and Analysis
In smart campuses, AI significantly enhances
the efficiency of behavior data collection and
analysis. By deploying smart cameras and
sensors, the system can monitor and record
various student behaviors in real time, such as
class attendance, campus entry and exit records,
and participation in activities. After
preliminary processing, these data are

transmitted to a central data processing
platform for further analysis and mining.
Big data analytics plays a crucial role in this
process. By processing vast amounts of data,
the system can identify patterns and trends in
student behavior, such as daily routines, study
engagement levels, and social interaction
frequencies. Machine learning algorithms
enable the system to learn and optimize
analysis models automatically, improving the
accuracy and efficiency of data processing. For
example, through supervised learning
algorithms, the system can predict future
student behavior trends based on historical
data, identifying potential issues in advance.

5.2 Anomaly Detection and Warning
AI-based student behavior EWS can quickly
identify students with abnormal behaviors
through multi-dimensional data analysis. This
process involves the integration of various AI
technologies, including natural language
processing (NLP), image recognition, and
sentiment analysis.
Natural Language Processing: NLP analyzes
student posts on social media and forums to
detect psychological fluctuations and
emotional changes. For instance, sentiment
analysis algorithms can identify negative
emotions such as anxiety or depression in
student posts, triggering timely warnings.
Image Recognition: This technology plays a
crucial role in monitoring student behavior on
campus. Smart cameras capture images of
student behaviors, and the system uses image
recognition to detect anomalies such as
prolonged isolation or low mood, promptly
notifying educational administrators.
When the system detects abnormal behavior, it
automatically generates warning information
and sends notifications to educational
administrators for timely intervention.
Warning information typically includes basic
student details, descriptions of abnormal
behaviors, and potential risk factors, helping
administrators quickly understand the situation
and take appropriate measures.

5.3 Feedback and Intervention
After generating warning information,
educational administrators must respond
quickly and implement appropriate
intervention measures, such as psychological
counseling, home-school cooperation, and
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regular follow-ups. AI also aids in designing
personalized intervention strategies.
For example, the system can develop
personalized psychological counseling plans
and study schedules for each student based on
behavior data analysis. These plans are tailored
to the student's specific circumstances, aiming
to help them overcome challenges and improve
mental health and academic performance.
Furthermore, the system can evaluate the
effectiveness of intervention measures through
data analysis, providing feedback to
administrators for continuous optimization of
intervention strategies.
Home-School Cooperation: Effective home-
school cooperation is crucial during
intervention. The system can share behavior
data and warning information with parents
through a data-sharing platform, enhancing
communication and collaboration between the
school and family. Parents can monitor and
support the student at home based on warning
information, jointly focusing on the student's
development.
Regular Follow-ups: Regular follow-ups
ensure the effectiveness of interventions. The
system can establish a regular tracking
mechanism to continuously monitor students
who have received interventions, assessing
changes in behavior and psychological state.
This allows administrators to quickly identify
and address shortcomings in intervention
strategies, ensuring students receive effective
support.
In summary, the innovative applications of AI
in student behavior EWS enhance data
collection and analysis efficiency, improve
anomaly detection and warning capabilities,
and provide strong decision support for
educational administrators. Personalized
intervention strategies and home-school
cooperation help students address issues and
promote holistic development. However, as
technology advances, educational
administrators and technical experts must
collaboratively address privacy and ethical
issues arising from technological applications,
ensuring that educational goals are achieved
without compromising student rights.
Continuous theoretical exploration and
empirical research should drive the deep
application of AI in education, striving for
equitable and high-quality educational
development.

6.Technical Implementation of AI in
Student Behavior Early Warning Systems

6.1 Data Mining and Machine Learning
Algorithms
Data mining and machine learning are core
technologies for student behavior EWS. Data
mining analyzes large volumes of student
behavior data to uncover hidden patterns and
anomaly signals, while machine learning
constructs predictive models for real-time
behavior prediction and warning. Common
algorithms include decision trees, random
forests, and support vector machines, which
continuously optimize model parameters based
on historical data to improve prediction
accuracy.

6.2 Natural Language Processing and
Sentiment Analysis
NLP plays a significant role in student
behavior EWS. It analyzes student language
expressions on social media, forums, and
assignments, combined with sentiment analysis
to identify emotional states and psychological
fluctuations. For instance, analyzing student
posts on social media can reveal potential
psychological issues, providing a strong basis
for educational administrators' interventions.

6.3 Image Recognition and Behavior
Monitoring
Image recognition technology is indispensable
for monitoring student behavior. Smart
cameras monitor student behaviors in real-time,
and image recognition algorithms analyze
video data to detect anomalies. For example,
facial recognition technology monitors campus
entrances to ensure student safety, and
behavior recognition technology identifies
poor classroom behaviors like inattentiveness,
helping teachers adjust their strategies.

7.Social Impact of AI in Student Behavior
Early Warning Systems

7.1 Enhancement of Educational
Management Efficiency
AI significantly boosts the efficiency of
educational management when applied to
student behavior EWS. Automated data
collection and analysis allow educational
administrators to promptly identify and address
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potential issues, reducing manpower and
increasing management efficacy. AI also aids
in scientific decision-making and optimizing
educational resource allocation, enhancing
educational quality.

7.2 Promotion of Educational Equity and
Quality
AI applications in student behavior EWS
provide personalized attention and support for
each student, contributing to educational
equity. In resource-limited areas, AI can better
identify students needing assistance and
provide targeted support, narrowing
educational disparities. Additionally, AI
supports education focused on individual
student development, improving educational
quality.

7.3 Data Privacy and Ethical Issues
While AI plays a crucial role in student
behavior EWS, it also raises data privacy and
ethical concerns. Collecting and analyzing
student behavior data involves personal
privacy, and mismanagement may lead to
privacy breaches and misuse. Therefore, AI
applications must adhere strictly to relevant
laws and regulations to protect student privacy
and establish clear data usage norms.
Educational administrators and developers
must consider ethical implications, ensuring
respect for student autonomy and dignity
during technology use. For example, clearly
informing students and parents about data
collection purposes and usage scope and
obtaining informed consent is essential.
Additionally, establishing transparent data
usage and storage mechanisms allows
stakeholders to monitor and review data usage,
preventing misuse.
In conclusion, the innovative applications of
AI in student behavior EWS not only enhance
data collection and analysis but also improve
anomaly detection and warning capabilities,
providing robust decision support for
educational administrators. Through
personalized intervention strategies and home-
school cooperation, the system helps students
address issues and promotes holistic
development. However, ongoing efforts are
needed to address privacy and ethical issues,
ensuring AI applications support educational
goals without compromising student rights.
Continuous theoretical and empirical research

will further advance AI applications in
education, striving for equitable and high-
quality educational development.

8.Future Research Directions

8.1 Optimization of AI Algorithms
Although current student behavior early
warning systems (EWS) have shown
significant effectiveness, there is still room for
improvement in AI algorithms. Enhancing
algorithm accuracy and timeliness remains a
key research direction. Deep learning and
related technologies have advantages in data
processing and analysis but are often criticized
for their "black box" nature. Therefore,
developing transparent and efficient algorithm
models is a focal point in academia. Future
research can integrate heuristic algorithms and
explainable AI (XAI) technologies to optimize
existing models, thereby increasing their
transparency and reliability.

8.2 Strengthening Interdisciplinary
Collaboration
Student behavior EWS is a complex
interdisciplinary system involving education,
psychology, computer science, and more.
Interdisciplinary collaboration can provide a
more comprehensive understanding and
address complex issues within EWS. For
instance, educational and psychological
theories can make the warning systems more
aligned with student development patterns and
psychological traits, while computer science
and data science offer technical support to
make the system smarter and more efficient.
Future research should further promote
interdisciplinary teamwork, combining
strengths from various fields to develop more
scientific and practical warning systems.

8.3 Exploration of Applications in Different
Educational Contexts
The needs for student behavior EWS vary
across different educational settings. Future
research should explore AI applications in
diverse educational environments deeply. For
example, rural and urban schools have
significant differences in student behavior
characteristics and resource allocation,
necessitating customized warning system
designs. Additionally, different educational
stages (elementary, middle, high school,
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university) have varying psychological
characteristics and behavior patterns,
demanding tailored design and application of
EWS.

9.Conclusion

9.1 Research Summary
This study systematically explores the
application of AI technology in student
behavior EWS within smart campuses,
revealing its current applications and
innovative potential in data collection and
analysis, anomaly detection and warning, and
feedback and intervention. The research finds
that AI not only enhances the accuracy and
timeliness of warning systems but also
provides scientific decision support for
educational administrators, significantly
improving the efficiency and quality of
educational management.

9.2 Research Limitations
While theoretical analysis indicates the broad
application prospects of AI in student behavior
EWS, existing research primarily focuses on
theoretical models and technical methods, with
fewer case studies and empirical validations in
practical applications. Additionally, data
privacy and ethical issues require further in-
depth exploration and resolution.

9.3 Implications for Educational Practice
The successful application of AI technology in
student behavior EWS relies on scientific
theoretical guidance and technical support,
along with close collaboration between
educational administrators and technical
experts. Educational institutions should
prioritize student needs and privacy protection
in AI applications, ensuring transparent
management mechanisms that promote
educational equity and quality without
infringing on student rights. Empirical research
on application effects should be emphasized,
with continuous feedback and optimization to
enhance the practical efficacy of AI
technology.
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