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Abstract: With the rapid development of the new energy industry and the in-depth advancement of new engineering
discipline construction, the talent cultivation model of the new energy materials and devices major in colleges and
universities is facing new opportunities and challenges. As a core course of the New Energy Materials and Devices
major, “Lithium-ion Battery Materials Technology” shoulders the important task of cultivating students’ material
design ability, engineering practice ability and innovation ability. However, the traditional teaching mode has problems
such as the disconnection between knowledge imparting and engineering application, insufficient students’ autonomous
learning ability, and weak innovative practical training, which are difficult to meet the demands of engineering talent
cultivation in the new era. This project is guided by the OBE educational concept, deeply integrating artificial
intelligence technology with micro-project-based teaching, and constructing a three-in-one teaching model of “Al+
micro-projects + engineering cases”. Relying on intelligent tools such as ChatGPT, DeepSeek, Rain Classroom Al
Workbench, Materials Project database and COMSOL Multiphysics simulation platform, typical micro-projects such as
cathode material optimization, anode material modification, electrolyte development and solid-state battery material
design are designed. Form a complete teaching chain of “knowledge acquisition - material design - performance
prediction - engineering verification - outcome evaluation”. Teaching practice shows that this model has significantly
enhanced students’ achievement of course objectives, engineering practice ability and innovative design ability,
achieving a transformation from knowledge imparting to ability cultivation, and providing new ideas for the reform of
new energy materials-related courses.
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1 INTRODUCTION
1.1 Research Background

Against the backdrop of the “dual carbon” strategy and the rapid development of the new energy industry, lithium-ion
batteries, with their high energy density, long cycle life and good environmental adaptability, have been widely applied
in new energy vehicles, energy storage systems and consumer electronics, among other fields, and have become one of
the key technologies driving energy transformation and green development [1-3]. With the continuous expansion of the
scale of the new energy industry, the demand for high-quality engineering and technical talents in the field of new
energy materials in the industry is constantly increasing, which puts forward higher requirements for the quality of
talent cultivation in colleges and universities [4].

The construction of new engineering disciplines emphasizes the cultivation of high-quality talents with engineering
practice ability, innovation ability and the ability to solve complex engineering problems in line with the major strategic
demands of the country and the development direction of industries [5-6]. “Lithium-ion Battery Materials Technology”
is an important core course for the major of New Energy Materials and devices, covering cathode materials, anode
materials, electrolytes, separators and advanced energy storage materials, etc. It is an important course for cultivating
students’ material design and application abilities. However, the knowledge system of this course is complex and highly
interdisciplinary. The traditional teaching mode mainly focuses on theoretical instruction, which leads to problems such
as insufficient students’ learning initiative, weak engineering practice training, and inadequate cultivation of innovation
ability [7-8]. In recent years, generative artificial intelligence technologies represented by ChatGPT and DeepSeek have
developed rapidly, providing new technical support for the reform of higher education teaching [9-10]. Artificial
intelligence can achieve intelligent integration of knowledge resources, personalized learning guidance, and auxiliary
analysis of engineering problems, demonstrating broad application prospects in fields such as material design,
performance prediction, and experimental optimization [11-12]. Meanwhile, Project-Based Learning (PBL) drives
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students’ independent exploration and teamwork through real engineering problems, which can effectively promote the
deep integration of knowledge learning and engineering practice [13-14]. Therefore, integrating artificial intelligence
technology with micro-project-based teaching, introducing typical cases from the research and development and
industrial application of lithium-ion battery materials, and constructing an “Al+ micro-project teaching” model are of
great significance for enhancing students’ autonomous learning ability, engineering practice ability and innovative
design ability.Based on this, this project takes the “Lithium-ion Battery Materials Technology” course as the research
object, combines the construction of new engineering disciplines and the OBE education concept, and explores the path
of micro-project-based teaching reform empowered by artificial intelligence, with the aim of providing references for
the teaching reform of new energy materials courses and the cultivation of innovative talents.

1.2 Problems Existing in Traditional Teaching

The course “Lithium-ion Battery Materials Technology” is an important core course for the major of New Energy
Materials and Devices. It is characterized by a complex knowledge system, strong interdisciplinary nature, and
prominent engineering application. However, under the traditional teaching mode, there are still several problems in
course teaching. The course content involves abstract knowledge such as material structure, electrochemical reaction
mechanisms, and interface regulation. Students find it difficult to establish an intuitive understanding through simple
classroom lectures, and their comprehension of the relationship between material structure and performance is not deep
enough. Secondly, the teaching process mainly relies on the teacher’s lecturing. Students are in a passive state of
accepting knowledge, lacking opportunities for independent exploration and active learning. Their learning enthusiasm
and participation need to be improved. Most of the course cases are derived from textbooks and classic literature, but
they are not closely integrated with the actual demands of the lithium-ion battery industry. As a result, students find it
difficult to apply the knowledge they have learned to solve practical engineering problems, and their engineering
practice abilities are not well cultivated. Meanwhile, traditional course assessment mainly relies on final exams, which
place more emphasis on the mastery of knowledge. The evaluation of innovative design ability, teamwork ability, and
the ability to solve complex engineering problems is not comprehensive enough.Therefore, in the face of the demand
for cultivating innovative engineering talents under the background of new engineering disciplines, it is urgent to
introduce artificial intelligence technology and micro-project-based teaching methods, and build a new teaching model
centered on students and oriented towards engineering problems, to achieve the organic integration of knowledge
learning, engineering practice and the cultivation of innovation ability.

2 DESIGN OF AI-ENABLED MICRO-PROJECT-BASED TEACHING SYSTEM

In view of the problems existing in the “Lithium-ion Battery Materials Technology” course, such as abstract teaching
content, insufficient students’ learning initiative, and weak cultivation of engineering practice ability, in combination
with the requirements of new engineering construction and the OBE (Outcome-Based Education) educational concept,
with the cultivation of students’ ability as the core and solving practical engineering problems as the orientation,
Introduce artificial intelligence technology and micro-project-based teaching methods to build a teaching system that
integrates “Al empowerment + micro-project-driven + engineering practice integration”. By reconstructing the teaching
objectives of the course, designing typical micro-project tasks, and building a full-process Al-assisted teaching
framework, the organic unity of knowledge imparting, ability cultivation, and value shaping is achieved..

2.1 Reconstruction of Teaching Objectives

Under the background of the new engineering discipline, the teaching objectives of courses should shift from the
traditional knowledge imparting orientation to the ability cultivation orientation. In light of the development demands of
the new energy industry and the professional talent cultivation goals, the teaching objectives of the “Lithium-ion
Battery Materials Technology” course have been restructured to form a three-dimensional cultivation system of
“knowledge goals - ability goals - quality goals”.

In terms of knowledge objectives, students are required to systematically master the composition, structural features and
performance regulation mechanisms of lithium-ion battery cathode materials, anode materials, electrolytes, separators
and new energy storage materials, understand the relationship between material structure and battery performance, and
master the basic theories of lithium-ion battery material design and application.

In terms of ability goals, the focus is on cultivating students’ ability to analyze and solve complex engineering problems
by applying professional knowledge. Students can utilize artificial intelligence tools to conduct literature retrieval,
material screening, performance prediction and scheme optimization. Be capable of conducting material design and
performance analysis in combination with engineering requirements; Be capable of conducting performance simulation
and verification of battery materials using simulation software, and develop engineering thinking and innovative design
capabilities.

In terms of quality goals, it is necessary to cultivate students’ awareness of autonomous learning, teamwork spirit and
innovation and entreprencurship. Through project collaboration and task-driven approaches, students are guided to pay
attention to the cutting-edge development trends of the new energy industry, enhance their professional identity and
sense of social responsibility, and improve their lifelong learning ability.
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Based on the above goals, course teaching has shifted from “teachers imparting knowledge” to “students solving
problems”, and from “single knowledge assessment” to “comprehensive ability evaluation”, achieving an effective
connection between course teaching and the requirements for cultivating new engineering talents.

2.2 Design Ideas for Micro-Projects

Project-based learning emphasizes being problem-oriented and promoting knowledge construction and ability
improvement through project implementation. Considering the limited class hours of undergraduate courses and the
significant differences in students’ knowledge bases, this course adopts a “micro-project-based teaching” model. It
takes typical problems in the research and development and industrial application of lithium-ion battery materials as the
carrier, breaks down complex engineering problems into multiple implementable small projects, and achieves a deep
integration of knowledge learning and engineering practice. Each micro-project is carried out around four links: “raising
questions - analyzing problems - solving problems - evaluation and feedback”, guiding students to actively learn
relevant theoretical knowledge during the project implementation process and apply the knowledge to the analysis and
solution of engineering problems.

2.3 Construction of AI-Enabled Teaching Framework

To enhance the implementation effect of micro-projects, the course introduces artificial intelligence and digital tools
such as ChatGPT, DeepSeck, Rain Classroom Al Workbench, Materials Project database, and COMSOL Multiphysics,
to construct an Al-enabled teaching framework covering the entire process before, during, and after class. As shown in
Figure 1.

In the pre-class stage, Al mainly undertakes the function of knowledge assistance learning. Teachers use artificial
intelligence platforms to build course knowledge bases and case libraries, and release learning tasks. Students conduct
autonomous learning through generative artificial intelligence tools, completing tasks such as concept understanding,
literature retrieval, and problem analysis. The system automatically generates learning profiles based on students’
learning behaviors, helping teachers understand students’ learning situations and optimize teaching designs.

During the in-class stage, Al mainly undertakes project support and collaborative learning functions. Teachers organize
classroom teaching around micro-project tasks and guide students to use Al tools to carry out plan design, data analysis
and material screening. Through the three-party interactive model of “student - Al - teacher”, knowledge sharing and
collaborative exploration are achieved. At the same time, artificial intelligence is utilized to assist in classroom
discussions and immediate feedback, enhancing students’ classroom participation and learning enthusiasm.

During the after-school stage, Al mainly undertakes the functions of outcome evaluation and continuous improvement.
Students use artificial intelligence tools to complete project report writing, simulation result analysis and achievement
presentation. Teachers, in combination with the Al analysis platform, evaluate students’ learning process, project
contribution, and ability achievement, forming a full-process evaluation system. Continuously optimize project design
and teaching content through data feedback to achieve continuous improvement.
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Figure 1 Al-Enabled Micro-Project-Based Teaching Framework
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3 THE IMPLEMENTATION PROCESS OF MICRO-PROJECT-BASED TEACHING EMPOWERED BY Al

Based on the teaching concept of “Al empowerment + micro-project-driven”, this course constructs a teaching model of
“pre-class autonomous learning - in-class collaborative exploration - post-class extended feedback”, integrating
artificial intelligence technology throughout the teaching process to promote students’ knowledge acquisition and
engineering practice ability cultivation, as shown in Figure 2.
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Figure 2 The Implementation Process of Al Empowering Micro-Project-Based Teaching
3.1 Before Class: Al-assisted Autonomous Learning

Before class, teachers rely on platforms such as Rain Classroom to release micro-videos, case materials and learning
tasks, guiding students to carry out autonomous learning around the project theme. Students use generative artificial
intelligence tools such as ChatGPT and DeepSeek to conduct knowledge retrieval, literature review and concept
understanding, and master the basic principles and research status of lithium-ion battery materials. The Al platform can
record students’ learning behavior data, analyze their mastery of knowledge and learning difficulties, help teachers
understand students’ learning situations in a timely manner and optimize classroom teaching content, and achieve
precise teaching.

3.2 Project-Driven Collaborative Learning

Classroom teaching is carried out with micro-projects as the carrier, focusing on typical projects such as the design of
high-energy-density cathode materials, the optimization of silicon-based anode materials, and the development of high-
safety electrolytes. Teachers propose project tasks based on engineering cases and guide students to conduct discussions
and design plans in groups. During the Project implementation process, students utilized Al tools for material screening,
literature analysis and performance prediction, and carried out scheme verification in combination with the Materials
Project database and COMSOL simulation software. Teachers help students continuously optimize their design plans
through process guidance and classroom discussions, achieving an organic integration of knowledge learning and
engineering practice. After the project was completed, each group presented and reported their achievements. Through
interaction between teachers and students as well as communication among groups, the ability to analyze and solve
problems was further enhanced..

3.3 After-Class: Al support Expansion and Feedback

After class, students use Al tools to complete project report writing, data analysis and result organization. The course
adopts a combined approach of “teacher evaluation + student peer evaluation +Al evaluation” to conduct a
comprehensive assessment of students’ learning process, project achievements and team contributions. In addition, the
Al platform recommends relevant literature, industry cases and cutting-edge technology materials based on students’
learning progress, guiding them to continuously pay attention to the development trends in the field of new energy
materials, and achieving knowledge expansion and ability improvement. Through the closed-loop mechanism of
“learning - practice - evaluation - improvement”, the quality of course teaching and the effect of talent cultivation are
continuously enhanced.

4 EVALUATION AND ANALYSIS OF TEACHING EFFECTIVENESS

To comprehensively evaluate the effectiveness of Al-enabled micro-project-based teaching reform, this course has
established a multi-dimensional evaluation system based on the concept of Outcome Orientation (OBE), which assesses
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students’ learning outcomes from multiple dimensions such as knowledge acquisition, engineering practice, innovation
ability, and teamwork. The teaching reform effect is verified through methods such as course achievement analysis,
questionnaire surveys, and student achievement presentations.

4.1 Reform of the Course Assessment System

The traditional course assessment mainly focuses on the final exam, emphasizing the mastery of theoretical knowledge,
and is difficult to comprehensively reflect the development level of students’ engineering practice ability and innovation
ability. To this end, this course adopts a combined assessment method of process evaluation and summative evaluation
to establish a multi-dimensional course evaluation system. Process evaluation mainly examines students’ autonomous
learning ability, project participation and teamwork ability. Summative evaluation mainly examines the quality of
project outcomes and comprehensive application capabilities. The specific evaluation indicators and their weights are
shown in Table 1.

Table 1 Composition of the Course Assessment System

Evaluation content Evaluation index Proportion%
Self-study before class Al learning records, task completion status 15
Participation in classroom projects Classroom discussion, project participation 20
Project implementation process Classroom discussion, project participation 15
Team collaboration performance Scheme design, process record 10
Project Outcome Report Division of labor and cooperation, communication and exchang 20
Project Research Report Exhibition of Achievements 20

4.2 Teaching Effectiveness

Through the practice of the teaching cycle, the curriculum reform has achieved good teaching results. Compared with
the traditional teaching mode, students’ classroom participation and learning enthusiasm have significantly improved.
Most students can proactively utilize Al tools to conduct data retrieval, literature reading and project design, thus
developing the habit of autonomous learning.

The statistical results of the achievement rate of course objectives show that the overall achievement rate of the courses
has increased from 78.4% before the reform to 91.2% after the reform. The improvement in engineering practice ability
and innovative design ability is most obvious. Students can carry out material screening, performance analysis and
scheme optimization in combination with project tasks, and complete design verification by using simulation tools.
Their ability to comprehensively apply knowledge has been significantly enhanced.

In addition, during the project implementation process, students complete project tasks through teamwork, enhancing
their communication and problem-solving skills, and gradually developing an engineering mindset and innovative
consciousness.

4.3 Student Feedback and Achievement Presentation

To understand students’ recognition of the teaching reform, a questionnaire survey was conducted after the course
ended. The results show that over 92% of the students believe that Al tools can enhance learning efficiency, over 90%
think that micro-project-based teaching helps them understand course knowledge, and over 94% believe that project
practice has improved their ability to analyze and solve engineering problems.

In terms of the presentation of achievements, students completed a series of project results around themes such as the
design of high energy density cathode materials, optimization of silicon-based anodes, modification of electrolytes, and
screening of solid-state battery materials. Some outstanding projects have been further transformed into college
students’ innovation and entrepreneurship training program projects, subject competition works and scientific research
practice topics.

Overall, the Al-enabled micro-project-based teaching model has effectively stimulated students’ interest in learning,
improved the quality of course teaching, and achieved an organic unity of knowledge acquisition, engineering practice
and innovation ability cultivation, providing a useful reference for the teaching reform of new energy materials-related
courses.

5 CONCLUSIONS AND PROSPECTS
5.1 Effectiveness of Teaching Reform

This project addresses the problems existing in the traditional teaching of the “Lithium-ion Battery Materials
Technology” course, such as insufficient learning initiative, weak cultivation of engineering practice ability, and limited
improvement of innovation ability. In combination with the requirements of new engineering construction and the OBE
education concept, an Al-enabled micro-project-based teaching model has been constructed. By deeply integrating
artificial intelligence tools such as ChatGPT and DeepSeek with project-based learning, a full-process teaching system
of “pre-class autonomous learning - in-class collaborative exploration - post-class extended feedback” has been formed,
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achieving an organic unity of knowledge learning, engineering practice and innovation ability cultivation.Teaching
practice shows that this teaching mode effectively stimulates students’ interest in learning, enhances their classroom
participation and autonomous learning ability. Students can utilize artificial intelligence tools to conduct literature
retrieval, material screening, performance analysis and scheme optimization, and complete project design and
verification in combination with typical engineering cases, thereby enhancing their ability to solve complex engineering
problems. Meanwhile, through teamwork and project presentations, students’ communication and expression skills,
teamwork abilities, and innovative design capabilities have been significantly enhanced. The achievement rate of course
objectives and student satisfaction have both significantly improved compared to the traditional teaching mode,
demonstrating the positive effects of Al-empowered teaching reform.

5.2 Existing Problems and Improvement Directions

The Al-enabled micro-project-based teaching in this project has achieved good teaching results, but there are still some
problems in the implementation process. Firstly, some students are overly dependent on artificial intelligence tools and
tend to directly use Al to generate results, lacking the ability to think independently and conduct in-depth analysis.
Secondly, the output content of generative artificial intelligence has problems of insufficient information accuracy and
professionalism, which requires teachers to screen and guide. In addition, due to the limitations of course hours and
teaching resources, the depth of some project contents and practical links still need to be further expanded.The future
curriculum reform will be continuously optimized in the following aspects: First, strengthen the education on the use
norms of Al tools for students, intensify the cultivation of critical thinking and innovation abilities, and guide students
to rationally utilize artificial intelligence to assist in learning; Second, further enrich the enterprise engineering case and
project resource library, enhance the authenticity and challenge of the projects, and improve students’ engineering
practice ability; Third, by integrating digital twin technology, virtual simulation platforms and material databases, a
more intelligent and open teaching environment should be constructed. Fourth, improve the multi-dimensional
evaluation system, give full play to the advantages of Al in learning analysis and precise evaluation, and achieve
continuous improvement in the quality of course teaching.Overall, Al-enabled micro-project-based teaching provides
new ideas and practical paths for the teaching reform of new energy material-related courses. In the future, we will
further explore the deep integration mechanism of artificial intelligence and professional courses, continuously improve
the quality of talent cultivation, and cultivate more high-quality applied talents with innovative spirit and engineering
practice ability for the development of the new energy industry.
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