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Abstract:

This article systematically analyzes the application strategies and technical
implementation pathways of artificial intelligence in chemistry education in
universities, focusing on personalized content customization, intelligent tutoring and
Q&A systems, and adaptive learning platforms. It emphasizes the construction of a
scientific and rational evaluation index system to support the objectivity and
comprehensiveness of teaching assessment. Through cutting-edge technologies such
as deep learning, natural language processing, and big data analytics, the study
achieves precise analysis and personalized delivery of learning data, effectively
improving teaching efficiency and the level of student competency development.
Simultaneously, it explores realistic challenges such as technical stability, data
security, and ethical responsibility, pointing out future directions for promoting
multimodal integration, interdisciplinary innovation, and the upgrade of intelligent
evaluation systems. This article aims to provide theoretical guidance and practical
reference for universities to achieve personalized and intelligent chemistry education,
inject new impetus into the innovative development of educational technology, and
help higher education move towards a digital and intelligent future.
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1. Introduction

In the context of profound educational changes driven by the current information
technology revolution, higher education chemistry teaching is facing unprecedented
opportunities and challenges. Traditional chemistry teaching models, centered on the
teacher and reliant on lectures and after-class exercises, struggle to fully meet
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students’ individual learning needs and effectively assess their actual mastery. As
differences in student cognition become increasingly apparent, and as the knowledge
base of chemistry grows more complex and information expands, singular teaching
methods are proving inadequate to address individual variations, limiting the
improvement of teaching effectiveness [1].

Simultaneously, the rapid development of artificial intelligence (Al) technology
offers new solutions to this predicament. Through technologies such as big data
analytics, machine learning, and natural language processing, it is possible to
implement intelligent delivery of teaching content tailored to individual student
characteristics, customized learning paths, and automated assessments. The
introduction of Al can not only stimulate students’ learning enthusiasm and improve
learning efficiency, but also, in the process of personalized instruction, more
accurately grasp students’ learning status, cognitive level, and the construction of their
knowledge system, providing technical support for educational equity.

In the field of higher chemistry education, promoting the deep integration of Al
technology has become an important pathway to improve teaching quality and achieve
intelligent teaching. Personalized learning is not merely about satisfying different
students' learning interests and needs, but is a core embodiment of the principle of
adapting instruction to individual aptitudes [2]. By using intelligent platforms to
deeply mine and analyze student learning trajectories, cognitive differences, and
interest preferences, we can customize the most suitable learning content, learning
pace, and assessment methods for each student, thereby greatly improving learning
efficiency and the stability of learning outcomes.

Furthermore, intelligent assessment, as a crucial element for achieving precise
monitoring and improvement of teaching quality, also urgently needs to leverage Al
technology. By utilizing machine learning models, students’ learning performance can
be dynamically assessed and promptly provided with feedback, reducing the
interference of subjective human factors and breaking through the limitations of
traditional, single-exam evaluations. The construction of this system will shift
chemistry teaching from a focus on knowledge transmission to the cultivation of
abilities and the improvement of overall quality, helping universities cultivate
innovative, practical, and high-quality talents [3].

In summary, the application of artificial intelligence in higher chemistry education
reflects the development trend of modern educational technology, driving higher
chemistry courses to gradually move towards personalization and intelligence.
Exploring specific pathways and mechanisms for Al to empower teaching is not only
conducive to solving the difficulties in traditional chemistry education, but also
promises to be an important strategy for achieving educational modernization. This
research has profound theoretical and practical significance, providing new ideas and
approaches for promoting innovative development in higher chemistry education.

2. Theoretical Foundation and Technical Framework

In the practice of leveraging artificial intelligence to empower chemistry education,
the construction of a theoretical foundation and technical framework is the core basis
for ensuring the effectiveness and scientific rigor of the application. Personalized
learning theory, as the foundation guiding teaching strategies, emphasizes a student-
centered approach, fully considering individual differences, cognitive development
patterns, and learning motivations. It emphasizes dynamically adapting to the
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student's cognitive state to maximize learning outcomes. Through Al technology,
personalized theory can be concretized based on extensive data analysis, promoting
the evolution of chemistry courses from uniformity to differentiation by intelligently
adjusting teaching content, paths, and pace.

Regarding intelligent assessment systems, machine learning and deep learning have
become critical technological support. Using a large amount of student learning
behavior and performance data, multi-dimensional evaluation models are constructed.
Through the continuous iteration and optimization of these models, dynamic
monitoring and precise assessment of students’ cognitive levels, experimental skills,
and innovation capabilities are achieved. Such automated evaluation systems
effectively reduce the burden on teachers, enhance the objectivity and consistency of
assessments, and provide a scientific basis for chemistry teaching.

At the technical implementation level, data-driven personalized recommendation
systems can achieve personalized content delivery and learning path planning through
in-depth mining of students’ learning trajectories. Natural language processing, as the
core technology for intelligent question answering and interaction, provides students
with immediate and personalized teaching support. The application of deep learning
models not only improves the accuracy of learning behavior analysis but also
promotes real-time adjustments to teaching strategies, forming a positive interaction
with individual learning needs [4].

3. Specific Application Strategies of Artificial Intelligence in College
Chemistry Teaching

In college chemistry teaching, artificial intelligence demonstrates transformative
potential in three areas: customized course content, intelligent tutoring and question
answering, and adaptive learning platforms, providing a practical path to personalized
education. This series of application strategies relies on advanced algorithms and big
data technology, aiming to deeply understand students' cognitive differences, learning
behaviors, and interest preferences, and to create a learning ecosystem tailored to each
student’s cognitive trajectory, thereby optimizing learning efficiency and enhancing
the learning experience [5].

3.1. Intelligent Customization of Course Content

In the area of intelligent customization of course content, deep learning and
knowledge graph technologies can be used to build dynamically updated personalized
content libraries, enabling precise content delivery to different learners. This system
identifies students’ knowledge gaps and cognitive biases by analyzing their learning
data, homework completion, and theoretical mastery, and adjusts course modules and
difficulty levels in real-time to achieve targeted teaching. This includes not only the
reinforcement of basic knowledge but also the personalized recommendation of
experimental designs. For example, by analyzing students’ operating trajectories and
performance results in virtual experiments, customized experimental plans or
simulated experimental tasks can be provided to individual students, which helps
cultivate their practical skills and scientific research innovation thinking. In terms of
content generation, artificial intelligence can integrate multi-modal teaching resources,
including video explanations, animation demonstrations, and interactive exercises, to
provide multi-sensory and multi-faceted learning experiences, thereby stimulating
students’ learning interest and active exploration desires. Dynamic content allocation

Submitted to Education Journal, page 52-58 WWwWw.itspoa.com/journal/edu



Volume 8, Issue 6, 2025 ISSN: 2617-4588 Irl-‘S
DOT: https://doi.org/10.31058/j.edu.2025.86007

can also leverage augmented reality (AR) and virtual reality (VR) technologies to
provide strong support for the visualization and interactivity of subject knowledge,
promote the realization of “immersive learning,” and adjust content presentation
strategies in real-time based on students’ learning behaviors, enhancing the
personalized adaptability of the course.

3.2. Intelligent Tutoring and Question Answering Systems

In the realm of intelligent tutoring and question answering systems, artificial
intelligence, leveraging Natural Language Processing (NLP) and knowledge graph
construction, has created virtual tutors with high interactivity and autonomous
learning guidance capabilities. Question answering systems trained using deep
learning models can understand students’ complex questions and provide scientific,
standardized, and logically clear answers. Particularly in explaining chemical
formulas, guiding experimental procedures, and understanding concepts, the system
can simulate a teacher's reasoning process, providing step-by-step guidance [6]. The
system can also identify learning bottlenecks and points of confusion based on the
student's questions and emotional state, offering targeted supplementary materials or
personalized hints to help students overcome learning difficulties. Furthermore, the
introduction of sentiment analysis technology into the question answering system
enables the monitoring of students’ anxiety, frustration, or enjoyment during learning,
achieving an understanding of learning emotions, thereby optimizing question
answering strategies and the teaching and communication atmosphere.

3.3. Adaptive Learning Platform Design and Practice

In the design and practice of adaptive learning platforms, reinforcement learning,
transfer learning, and multi-task learning technologies are used to create a structurally
sound and functionally rich personalized learning ecosystem. The platform
continuously collects students’ learning paths, homework completion status, and test
performance, dynamically estimating their cognitive level and adjusting the course
progress, difficulty, and types of learning resources in real time. Using reinforcement
learning algorithms, the platform repeatedly learns through trial and error from a large
amount of feedback data, optimizing personalized strategies so that content delivery
and difficulty control are highly aligned with the student's learning pace, effectively
avoiding the drawback of “blindly following.” Moreover, to address the needs of
different learning scenarios, the platform integrates cross-disciplinary knowledge
bases, supports multi-task learning, and provides support for the interdisciplinary
application of chemistry with mathematics, physics, and other subjects, achieving
knowledge transfer and strengthening students’ overall scientific literacy. The
integration of virtual laboratories and simulation training provides students with a
risk-free, repeatable practice environment, which is conducive to consolidating
theoretical learning while fostering innovative thinking skills and experimental
operation skills.

Based on big data analysis, the platform generates personalized learning
suggestions and ability enhancement paths, helping students clarify learning priorities
and organize knowledge systems, while also providing teachers with reports on
students' learning preferences and learning obstacles, helping teachers to teach
precisely. Combining learning communities and collaboration modules, the platform
encourages students to engage in collaborative learning and problem-solving
discussions, stimulating students’ autonomous learning desire and teamwork ability
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through diversified interactions. This learning platform not only realizes real-time
tracking and intelligent adjustment for each student, but also promotes a profound
shift in higher chemistry education from “teacher-centered” to “student-centered” and
from “standardized” to “personalized.”

4. Construction and Practice of Al-Based Intelligent Assessment
System

4.1. Scientific Design of the Assessment Indicator System

Within the framework of Al-empowered college chemistry teaching, the scientific
design of the assessment system is the foundation for achieving accurate, objective,
and comprehensive evaluation. The construction of the assessment indicator system
should integrate disciplinary characteristics and educational objectives, incorporating
multi-dimensional elements such as knowledge mastery, skill operation, innovation
ability, and quality improvement into the scoring dimensions. The indicator system
must have clear evaluation metrics covering theoretical understanding, experimental
operation, problem-solving skills, and innovative thinking, ensuring that the
assessment content is scientifically sound and reflects students’ actual levels.
Different evaluation indicators should be assigned reasonable weights, considering
both basic abilities and innovative potential, and a dynamic adjustment mechanism
should be established to continuously optimize the system with the depth and breadth
of the learning process, adapting to the complex and ever-changing knowledge system
of chemistry.

4.2. Construction and Optimization of Automated Evaluation Models

Building efficient automated evaluation models is critical to achieving large-scale,
diversified evaluation. Based on deep learning and machine learning algorithms, the
model can automatically identify students' learning behaviors, expression abilities,
and operational skills through continuous data training. For example, convolutional
neural networks (CNN) can be used to identify key steps in students’ experimental
operations to assess their experimental skills. Natural language processing (NLP)
technology can be applied to perform semantic analysis and scoring of students’ test
answers, lab reports, and oral presentations. This evaluation model should have
adaptive capabilities, continuously learning new data to optimize prediction accuracy
and evaluation consistency. During model debugging and optimization, cross-
validation and dynamic parameter adjustment should be introduced to ensure its
generalization ability and adaptability to unknown samples, thereby providing
continuous and stable evaluation results.

4.3. Data Collection Process and Management

The scientific design of the data collection process and management system is a
crucial aspect of ensuring assessment accuracy. Comprehensive reflection of students’
learning status is achieved through multi-channel and diversified data collection
methods. Learning behavior data can cover various forms, such as classroom
performance, assignment submission, experimental operation videos, online quizzes,
and discussion interactions. Cognitive level indicators include test scores, behavioral
trajectories during ability development, and learning path analysis. At the same time,
a comprehensive data storage and management system should be equipped to ensure
data integrity, accuracy, and security. Data privacy protection policies should be
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formulated, and data access permissions and monitoring mechanisms should be
established to prevent information leakage and abuse, ensuring that data use complies
with ethical and legal requirements. Continuous updating and dynamic maintenance
of data are the technical support for realizing real-time evaluation and personalized
recommendations.

4.4. Diversified Evaluation Methods

The introduction of diversified evaluation methods helps to comprehensively reflect
students’ learning achievements. Integrating conventional knowledge testing,
experimental operation evaluation with formative assessment, ability level testing,
innovation ability assessment, and emotional and motivational assessment from
multiple perspectives enhances the comprehensiveness and scientific rigor of the
evaluation. Diverse methods such as online quizzes, open-book exams, experimental
result demonstrations, oral presentations, collaborative discussions, and project-based
learning provide students with multiple channels to showcase themselves, and
teachers can also obtain a more three-dimensional student profile. Based on the
realization of diversified evaluation, multi-modal data analysis is supplemented to
provide personalized development suggestions for students’ growth paths. At the
same time, dynamic evaluation technology can be combined with students’ learning
trajectories to continuously monitor their growth status and adjust teaching strategies
and learning objectives in a timely manner, providing rich decision-making basis for
learning analysis and teaching improvement.

5. Problems and Challenges

5.1. Technical Aspects

From a technical standpoint, the stability of models and the continuous optimization
of algorithms are crucial to ensuring system reliability and adaptability. Currently,
deep learning models, when processing complex, high-dimensional data, face the risk
of overfitting and insufficient generalization capabilities. They are susceptible to
fluctuations in the quality of training data, which affects the accuracy of evaluation
and recommendations. Simultaneously, algorithm optimization requires balancing
computational efficiency with model complexity to avoid operational bottlenecks
caused by large models. Furthermore, the transferability and adaptability of models
across different scenarios must be continuously improved to address evolving
teaching content and student needs. All of this necessitates ongoing algorithm updates,
model fine-tuning, and technological iteration to ensure that artificial intelligence
systems exhibit high levels of stability and accuracy in real-world applications.

5.2. Ethics and Security

In terms of ethics and security, with the increasing expansion of data-driven
personalized learning, the protection of student privacy becomes a critical concern.
Safeguarding personal learning data and behavioral patterns from misuse requires the
establishment of stringent data management policies, enhanced data access control,
and anonymization procedures. Simultaneously, the implementation of ethical
responsibilities requires educators and technology developers to jointly establish
accountability mechanisms, ensuring that systems are impartial, fair, and just, and
preventing discrimination or unfair treatment arising from algorithmic bias. When
providing personalized recommendations and automated evaluations, artificial
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intelligence systems should also allow for sufficient human intervention to prevent
“algorithmic manipulation” from impacting student autonomy. Additionally, data
security protection measures should be continuously updated to address potential
cyberattacks and data breaches, safeguarding the security and trust of the educational
ecosystem.

5.3. Adaptability of Teachers and Students

The adaptability and acceptance of teachers and students in new technological
environments is a core challenge in promoting applications. On one hand, teachers
need to master a wide range of technical skills, from data analysis to Al tool operation,
and shift traditional teaching concepts to become guides and supervisors of intelligent
teaching, which places higher demands on teacher training and professional
development. On the other hand, students’ understanding and acceptance of intelligent
platforms and evaluation mechanisms also vary. Some students may be resistant due
to concerns about the imperfection of technology or a lack of trust in machine
evaluations, thereby affecting learning outcomes. Improving this aspect requires
strengthening teacher and student training, providing clear technical guidance,
reasonable feedback mechanisms, and emphasizing the value of artificial intelligence
as an aid rather than a replacement for humans, in order to build a more harmonious
intelligent education environment.

5.4. Future Development Directions

In the future, the deep integration of artificial intelligence in college chemistry
teaching should develop in the direction of multi-modal fusion, interdisciplinary
innovation, and intelligent evaluation system upgrades. The combination of multi-
modal technologies will make data collection and analysis more comprehensive and
realistic. For example, using multi-sensory information such as visual, tactile, and
auditory data can achieve all-round monitoring and understanding of learning
behavior. In terms of interdisciplinary innovation, the deep integration of chemistry
with physics, biology, information technology, and other fields will create cross-
disciplinary teaching and evaluation platforms, enabling students to have stronger
scientific literacy and innovation capabilities. The continuous upgrading of the
intelligent evaluation system should incorporate more evaluation dimensions of self-
directed learning, innovation ability, and emotional attitudes to achieve
comprehensive, multi-angle, and dynamic monitoring of student abilities. This system
also needs to introduce new evaluation methods such as project-based learning, social
practice, and innovation and entrepreneurship indicators to provide a more scientific
and comprehensive evaluation basis for students’ overall qualities.

6. Conclusions

This paper systematically explored the application paths of artificial intelligence in
college chemistry teaching, covering the design and implementation of personalized
content customization, intelligent tutoring systems, and adaptive learning platforms,
and emphasized the construction of a scientific evaluation indicator system and its
effective operation. By combining advanced deep learning, natural language
processing, and big data technologies, artificial intelligence can achieve
personalization, precision, and dynamism in the teaching process, effectively
improving teaching effectiveness and students’ ability development. However,
challenges remain in terms of technical stability, ethical security, and teacher-student
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adaptability. In the future, continuous advancement should be made towards multi-
modal fusion, interdisciplinary innovation, and intelligent evaluation system upgrades
to build a more powerful, trustworthy, and equitable intelligent education ecosystem,
promoting the in-depth intelligent development of college chemistry teaching and
breaking through the limitations of traditional teacher-student roles and teaching
methods.
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