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Abstract

Based on the detailed exploration of Al techniques for the early identification of learning difficulties in education, this study
underscores the pivotal role of educational data analysis in enhancing student outcomes. Educators can proactively identify and
address learning challenges through systematic data collection and analysis, thereby minimizing long-term academic obstacles and
emotional stress. The integration of Al, particularly through natural language processing and computer vision technologies,
facilitates personalized learning paths and real-time interventions, offering tailored support that maximizes each student's learning
potential. These advancements optimize educational resource allocation and foster a more inclusive and effective learning
environment, paving the way for future advancements in personalized education and intelligent teaching practices.

Keywords: Early identification of learning difficulties; Artificial intelligence in education; Personalized learning

paths; Real-time feedback systems

1. Introduction

The importance of educational data analysis in the early identification of learning difficulties is self-evident. According
to statistics, about 15 to 20 percent of students face learning difficulties during their academic careers, and these
challenges may often be overlooked or not detected in time [1]. By systematically collecting, analyzing, and
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interpreting student learning data, educators can identify these problems early. For example, research shows that early
intervention is critical to preventing students from getting into long-term academic challenges. According to a study
published in the Journal of Educational Research, by using data analysis techniques, schools can combine students'
academic performance, classroom participation, and standardized test results to more accurately predict the learning
difficulties students may face and then implement targeted interventions to provide personalized support.

This data-driven approach helps educators identify students' learning disabilities and challenges in advance but also
helps effectively reduce the long-term academic challenges and emotional stress that students may face [2]. Through
accurate data analysis, educators can design more targeted teaching strategies and curriculum content to maximize each
student's learning growth and development, ensuring they are fully supported and guided academically and personally.
Therefore, with the rapid development of artificial intelligence technology, its application in education is increasingly
extensive and in depth [3]. Al technology can process large-scale educational data and uses advanced algorithms and
models to identify students' learning patterns and behavioral characteristics [4]. Through machine learning and deep
learning techniques, Al can predict the learning difficulties students are likely to encounter and provide personalized
learning paths and recommendations to maximize each student's learning potential [S]. The application of this
technology not only improves educational outcomes and student satisfaction and provides more accurate data support
for educational administrators and decision-makers to help optimize the allocation and management of educational
resources.

2. Related Work
2.1. The Challenges and Needs for Early Identification of Learning Difficulties in Education

Early identification of learning difficulties is a key challenge and need in education. The learning difficulties that many
students face can be caused by a variety of factors, including individual differences, learning styles, socioeconomic
background, and mental health [6, 7]. Traditional educational assessment methods often rely on standardized tests and
periodic exams, which, while providing certain data, often fail to capture students' overall learning status and potential
learning difficulties. In addition, educators and school administrators are often faced with the challenge of effectively
identifying and supporting students who may face learning challenges, given limited resources. Traditional methods of
educational assessment rely mainly on standardized tests and periodic examinations [8, 9]. For example, the annual
standardized tests used by many schools, despite providing a comprehensive assessment framework, often fail to
identify student’s specific learning difficulties on time. For example, one study showed that standardized tests. At the
same time, they can assess students' subject basics, are not effective at capturing the specific challenges students face at
each stage of the learning process due to their long testing cycles, which limits the effectiveness of schools in academic
support and personalized instruction.

2.2. Review of Existing Research and Methodology: Application Cases of AI and Machine Learning in
Educational

Early identification methods based on data analysis provide more detailed student assessment and support by
integrating multi-dimensional learning data. For example, one elementary school conducted a comprehensive analysis
of student academic performance, classroom participation, and behavioral records and found that some students were
underperforming in math [10]. Through detailed data mining and statistical analysis, schools can find these students'
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learning difficulties in specific concepts and skills and then provide personalized teaching plans and tutoring services to
help them overcome difficulties and improve academic performance [11].

Applying Al and machine learning techniques to educational data analysis presents significant potential. For example,
some schools have begun to use machine learning algorithms to analyze students' online learning behavior data and
predict the learning difficulties and challenges students may encounter [12]. Through in-depth analysis of students'
learning patterns and behaviors, Al can provide personalized learning recommendations and recommendations, as well
as instant academic support. For example, by analyzing students' learning history and behavior patterns, an online
education platform tailor-made learning paths for each student, thus improving learning results and student satisfaction.

2.3. Al Techniques for Early Identification of Learning Difficulties
2.3.1. Application of Natural Language Processing (NLP) to Language and Reading Disorders:
Natural Language Processing (NLP) technology is important in identifying language and reading disorders early [13,
14]. For example, research has shown that NLP-based language analysis can help identify students' difficulties in
reading comprehension and grammar application. An effective application is using NLP algorithms to analyze students'
written compositions or oral expressions to assess their language comprehension and grammar use. By comparing
students' linguistic expressions with the grammatical and semantic rules of the Standard Model, educators can quickly
identify those students who may need additional support [15]. For example, one primary school used an NLP-based
grammar analysis tool to successfully identify some students' difficulties in language expression and understanding.
Then it provided personalized language tutoring and support services.
2.3.2. Application of Computer Vision and Pattern Recognition Technology in Mathematics and Spatial
Awareness:
Computer vision and pattern recognition techniques have significant potential for identifying mathematical and spatial
awareness difficulties early [16, 17]. For example, computer vision techniques can identify potential challenges in math
understanding and operational skills by analyzing a student's problem-solving process and answers on a math test or
task. One practical application case uses a computer vision-based mathematical problem resolution system that
automatically identifies error patterns and common errors that students make when solving mathematical problems,
such as conceptual understanding errors or computational logic errors. In this way, educators can accurately analyze
students' math learning progress and design personalized math teaching plans and tutoring programs [18]. For example,
a high school used a mathematical learning analysis tool based on computer vision, which successfully helped students
improve their mathematical understanding and problem-solving ability, and improved their math scores and self-
confidence.
2.3.3. Comprehensive Case: Comprehensive Application of Al in Early Identification of Learning Difficulties:
Al technology is not limited to a single application field but can also be used comprehensively to enhance the early
identification of students' learning difficulties. For example, some advanced educational technology platforms combine
NLP and computer vision technologies to comprehensively assess students' linguistic, mathematical, and spatial
awareness skills by analyzing their verbal expression and problem solving processes [19, 20]. These platforms can
provide real-time academic feedback and personalized learning path recommendations to help students overcome
potential learning difficulties early and improve learning outcomes and grades. For example, an educational technology
company developed an intelligent platform integrating NLP language analysis and computer vision mathematical
recognition technology. It successfully helps students make significant learning progress in language, mathematics, and
spatial awareness, laying a solid foundation for their academic careers.
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3. Case Studies and Applications

3.1. Optimization of Personalized Learning Paths for Students

In education, the optimization of personalized learning paths is enabled by Al technology to help students learn and
grow more effectively. For example, one high school introduced a customized learning path system based on machine
learning. By analyzing multi-dimensional data such as students' academic performance, learning preferences, interests,
and learning speed, the system tailors learning plans and course recommendations for each student. Based on students'
learning history and performance, the system intelligently adjusts the difficulty and speed of the course content to
ensure that students achieve the best learning results under the appropriate challenges. For example, suppose the system
finds that a student has excelled in math. In that case, it will automatically recommend higher-level math courses while
adjusting the difficulty of other subjects to maintain the student's overall motivation and interest.

In addition, the system can provide personalized learning support and resource recommendations based on the student's
learning progress and understanding ability. For example, for students who need extra help, the system recommends
specific tutoring materials or participation in particular academic group discussions to help them overcome their
learning disabilities. By optimizing this personalized learning path, students can achieve better academic results and
improve their learning motivation and self-confidence, thus laying a solid foundation for future learning and careers.
Finally, the optimization of personalized learning paths benefits not only students but also educators and school
administrators. Through real-time analysis of student data and customized feedback, educators can better understand
students' learning needs and challenges and, thus, precisely adjust teaching strategies and resource allocation. For
example, the system can help educators identify weaknesses in teaching and provide timely professional development
opportunities to improve teaching quality and student satisfaction. This intelligent educational management method not
only improves the school's academic level but also enhances the reputation and influence of the school among parents
and the community.

3.2. Development and Implementation of Real-Time Feedback and Intervention System

Real-time feedback and intervention systems use Al technology to achieve real-time monitoring and feedback on
students learning progress, helping educators discover and solve the learning difficulties that students may face. For
example, a primary school developed a real-time feedback system based on data analysis and machine learning. The
system integrates students' online learning activity data, such as answering speed, correct rate, and solving method. It
quickly identifies students' learning difficulties in specific subjects or topics through real-time analysis and comparison.
The system immediately alerts educators once a problem is identified and provides personalized teaching
recommendations and interventions. For example, when the system finds that some students need to improve on
mathematical reasoning problems, it recommends relevant online exercises or group discussions to strengthen their
mathematical reasoning skills. Through this real-time feedback and intervention system, the school has effectively
increased educators' sensitivity to student learning and promoted students' continuous academic progress and growth.
Finally, the development of real-time feedback and intervention systems improves students' learning experience and
enhances communication and collaboration between parents and schools. Through regular student learning reports and
feedback sessions, parents can get a clearer picture of their child's academic progress and challenges and work together
to develop and implement effective support plans. This model of education and family cooperation enhances students'
motivation to learn and lays a solid foundation for their future academic and professional careers.

3.3. Future Research Direction and Development Trend

One of the future research directions of educational technology is the combination of reinforcement learning and
personalized education. With advances in Al technology, reinforcement learning is seen as a powerful tool to improve
customized education. Future research will focus on developing reinforcement learning algorithms that dynamically
adjust instructional content and strategies based on student feedback and performance. For example, researchers can
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explore how reinforcement learning algorithms can optimize personalized learning paths better to meet different
students' learning needs and interests. This integration will provide educators with more precise instructional support
and academic feedback, improving student learning outcomes and satisfaction.

Another important research direction is the development of multimodal data fusion and comprehensive evaluation
techniques. Educational data is no longer limited to traditional text and digital information but covers many forms of
data, such as sound, image, and video. Future developments will focus on effectively integrating and analyzing
multimodal data to comprehensively assess student learning status and progress. For example, researchers can explore
combining natural language processing, computer vision, and sound processing technologies to develop comprehensive
assessment tools to monitor and evaluate student learning progress in real-time. This approach to cross-modal data
fusion will bring new possibilities to educational research and practice, providing a more profound understanding and
support for personalized education and intelligent teaching.

4. Discussion

According to the discussion in this paper, educational data analysis and artificial intelligence technologies show great
potential and practical effects in the early identification of learning difficulties. Through systematic data collection and
analysis, educators can identify students' learning disabilities earlier and provide precise teaching support through
personalized learning paths and real-time feedback systems. This data-driven approach helps optimize the allocation
and management of educational resources and significantly improves student achievement and satisfaction with
learning. In the future, the further integration of reinforcement learning and multi-modal data fusion technology will
provide a broader development space for personalized education and intelligent teaching to better meet different
students' learning needs and challenges.

5. Conclusion

In conclusion, by analyzing the application of Al technology in education, especially in the early identification of
learning difficulties, this paper emphasizes the importance of Al technology in improving education results and
students' learning experience. Future research should focus on optimizing personalized learning paths and real-time
feedback systems and further exploring how to integrate multimodal data to improve the comprehensiveness and
accuracy of educational assessments. These efforts will not only help improve the quality of education but will also
push the field of education in a more intelligent and personalized direction, thus infusing more success and
achievement into each student's learning journey.
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