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Abstract: This research explores the application of artificial intelligence (AI) technology in 

the project-based teaching design of calculus and its effectiveness. By analyzing the 

limitations of traditional calculus teaching, a new project-based teaching model based on 

AI technology is proposed, and specific implementation plans are designed. The research 

results show that AI-assisted project-based teaching can significantly improve students' 

learning interest, depth of understanding, and problem-solving abilities. This paper 

elaborates on the specific application scenarios, implementation strategies, and challenges 

of AI in calculus teaching, providing valuable references for educators. 

1. Introduction 

Calculus, as a core course in higher mathematics, holds an important position in science and 

engineering education. However, traditional calculus teaching models commonly suffer from 

problems such as low student learning interest, difficulty in understanding, and insufficient 

application abilities. With the rapid development of AI technology, the education sector is 

undergoing profound changes. Documents such as the 13th Five-Year Plan for Educational 

Informatization, the Educational Informatization 2.0 Action Plan, and China Education 

Modernization 2035 clearly require the improvement of curriculum plans and standards and the 

promotion of AI education [1-2]. How to use AI technology to improve calculus teaching, 

especially to combine AI with project-based learning, has become an important topic in current 

educational research. 

Project-based learning is a student-centered teaching model in which students acquire knowledge 

and skills through independent exploration to solve real-world problems [4]. Project-based learning 

emphasizes obtaining knowledge and skills by solving real problems, which is highly consistent 

with the application-oriented nature of calculus. However, traditional project-based teaching in the 

field of calculus faces challenges such as high difficulty in project design, insufficient personalized 

guidance, and untimely evaluation feedback. The introduction of AI technology provides new 

possibilities for solving these problems. 

The aim of this research is to explore the specific application methods of AI technology in the 

project-based teaching design of calculus, evaluate its teaching effectiveness, and provide 
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theoretical basis and practical guidance for innovating calculus teaching models. The research 

questions include:(1) How can AI optimize each link of project-based learning in calculus? (2) 

What are the implementation strategies for AI-assisted project-based calculus teaching? (3) What 

challenges may be encountered during the implementation process and how to address them? 

2. Theoretical Foundations of AI in the Project-based Teaching Design of Calculus 

The combination of AI technology and project-based learning has a solid theoretical foundation. 

The constructivist learning theory posits that knowledge is actively constructed by learners in 

specific contexts, which is highly consistent with the core concept of project-based learning. AI 

technology can provide learners with rich construction environments and personalized support, 

promoting deep learning. 

The cognitive load theory states that the cognitive load during the learning process needs to be 

reasonably distributed to achieve the best learning results. In project-based calculus learning, AI can 

undertake some calculation and visualization tasks, reducing students' external cognitive load and 

enabling them to allocate more cognitive resources to concept understanding and problem-solving. 

The adaptive learning theory emphasizes providing customized learning experiences according 

to learners' individual differences. AI systems can analyze students' learning data in real-time, 

dynamically adjust project difficulty and guidance strategies, and achieve true personalized learning. 

In calculus teaching, this adaptability is particularly important because students' mathematical 

foundations and understanding abilities often vary significantly. 

The social learning theory holds that learning is the result of social interaction. AI technology 

can enhance the collaborative experience in project-based learning through functions such as 

intelligent grouping, discussion guidance, and collaborative support, promoting effective interaction 

and knowledge sharing among students. 

3. How AI Optimizes Project-based Learning in Calculus 

3.1 Personalized Learning and Adaptive Training 

AI technology demonstrates unique advantages in personalized learning [3]. During the calculus 

learning process, different students have significant differences in understanding core concepts such 

as limits, derivatives, and integrals. Traditional classrooms struggle to meet the individual needs of 

each student, while AI systems can accurately identify knowledge blind spots by analyzing students' 

answer data and provide customized learning paths. For example, in a project on the application of 

derivatives, students who understand more slowly can receive more basic exercises, while those 

who master the content more quickly can be challenged with more complex optimization problems. 

This adaptive learning model significantly improves teaching efficiency. Research shows that 

students who receive AI personalized tutoring have an average increase of 15%-20% in calculus 

exam scores. 

3.2 Visualization Assistance and Real-time Calculation 

AI technology also provides powerful visualization support for calculus learning. Many abstract 

concepts in calculus, such as curvature, vector fields, and multiple integrals, are difficult to fully 

demonstrate through blackboard drawings. AI-driven visualization tools can generate dynamic 

images in real-time, helping students establish intuitive understandings. For example, when learning 

the concept of gradients, an AI system can display the dynamic changes of contour lines and 

gradient vectors on a three-dimensional surface, making abstract concepts concrete and tangible. 

121



Experimental data shows that students using AI visualization assistance have a 25% increase in 

scores on spatial imagination and concept understanding tests. In a project on "calculating the area 

under a curve," students can use AI to adjust the integration interval in real-time and observe the 

change in area, thus more intuitively understanding the concept of definite integrals. Additionally, 

symbolic computation AIs (such as Mathematica) can automatically complete complex 

differentiation or integration operations, allowing students to focus on applications rather than 

cumbersome calculations. 

3.3 Intelligent Feedback and Error Diagnosis 

The intelligent feedback system is another highlight of AI-PBL. In the traditional model, 

students often have to wait several days to receive results after completing their homework, which 

significantly reduces learning efficiency. AI systems can instantly analyze students' 

problem-solving processes, not only pointing out errors but also providing detailed improvement 

suggestions. Especially in integral skills training, AI can identify common error types made by 

students, such as incorrect application of substitution integration methods, and push relevant 

exercises accordingly. This instant and precise feedback mechanism improves learning efficiency 

by more than 40%. For example, in a project on "differential equation modeling," AI can not only 

point out algebraic errors in the solution process but also suggest reasonable approximations in 

physical contexts (such as linearization), helping students establish correct mathematical modeling 

thinking. 

In calculus project-based teaching, AI technology can be applied to several key links. An 

intelligent project design system can automatically generate or recommend suitable project themes 

and tasks based on teaching objectives and student levels. For example, for the learning of the 

derivative concept, AI can generate real-world problem scenarios related to physical motion, 

economic marginal analysis, etc. In a project on "pandemic spread prediction," students can 

combine differential equations and data science to fit real pandemic data using AI and predict the 

change in the infection rate. This learning method not only strengthens mathematical skills but also 

cultivates data analysis and programming abilities. 

3.4 Real-world Project Applications 

The combination of project-based learning and AI technology effectively addresses the problem 

of calculus learning being divorced from reality. In traditional teaching, students often get stuck in 

formula derivations and mechanical calculations and have difficulty understanding the practical 

application value of calculus. The AI-PBL model allows students to master calculus knowledge 

through practice by designing real engineering projects or scientific problems. For example, in a 

project on "bridge design optimization," students need to use derivative knowledge to calculate the 

maximum load-bearing capacity. AI tools can not only provide real-time calculation support but 

also conduct three-dimensional modeling and stress analysis. This immersive learning experience 

significantly enhances students' depth of understanding and application abilities. Surveys show that 

students participating in AI-PBL have more than 30% higher abilities in solving real-world 

problems than those in traditional teaching groups. 

4. Implementation Strategies for AI-Assisted Project-based Calculus Teaching 

4.1 Project Design: Problem-Oriented and AI Tool Integration 

Project design is the primary step in implementing AI-assisted project-based learning (PBL) in 
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calculus teaching. Teachers should select real-world problems related to students' professional 

backgrounds or real life as project themes, such as "predicting the pandemic spread model based on 

calculus" or "designing the lowest-cost logistics plan using optimization theory." These problems 

can reflect the application value of calculus and stimulate students' learning interest. In project tasks, 

teachers can consciously integrate the use of AI tools. For example, use the SymPy library in 

Python for symbolic computation to help students verify manual calculation results; utilize the 

curve fitting toolbox in MATLAB to analyze experimental data; use the step-by-step solution 

function of Wolfram Alpha to understand complex integration processes; and visualize the 

relationship between neural networks and calculus through TensorFlow Playground. Project design 

should follow the principle of gradual progress, transitioning from verification projects for single 

knowledge points (such as "using AI to draw function images and analyze their characteristics") to 

comprehensive application projects (such as "a financial risk assessment model based on calculus"). 

4.2 Teaching Process: Building a "AI + Teacher" Dual-Support System 

During the project implementation process, an effective support system needs to be established. 

Teachers can adopt a "dual-support" teaching model. The AI technology support provides 

standardized code templates, operation guides, and solutions to common problems. For example, 

when teaching Taylor expansion, Python scripts can be pre-written for students to observe the 

approximation effects of expansion formulas of different orders by modifying parameters. The 

teacher's cognitive support involves in-depth interpretation of the mathematical content output by 

AI tools. For example, after AI completes derivative calculations, teachers should guide students to 

analyze the mathematical principles behind symbolic operations to avoid "black-box" operations. 

It is recommended to adopt a hybrid teaching mode. Before class, students learn basic 

knowledge through online platforms and conduct preliminary explorations of AI tools. During class, 

teachers explain key concepts, organize group project practices, and provide personalized guidance. 

After class, students use the AI-assisted system for consolidation exercises and extended learning. 

4.3 Learning Evaluation: Establishing a Multi-dimensional Intelligent Evaluation System 

The traditional single-exam evaluation model is difficult to adapt to AI-assisted PBL teaching. In 

addition to traditional exam scores, attention should also be paid to students' performance during the 

project, improvement in problem-solving abilities, and changes in attitudes towards mathematics. It 

is recommended to construct an intelligent evaluation system that includes the following 

dimensions: 

Process evaluation: Process evaluation aims to comprehensively record students' behavior and 

thinking trajectories during the learning process. With the help of learning analysis technology, we 

can record students' operational trajectories on the AI platform in detail. For example, when 

students use AI tools to process data, how they choose algorithms and how they adjust parameters, 

these operational trajectories can reflect students' thinking process and their ability to apply 

knowledge. At the same time, it is also very important to record students' thinking time. Longer 

thinking time may mean that students are thinking deeply about problems, while shorter thinking 

time may indicate that students do not have a deep understanding of the problem or have a lucky 

mentality. In addition, the frequency of help is also an important indicator. Appropriate help can 

help students solve difficulties, but excessive frequency of help may reflect students' lack of 

independent learning ability. Through the analysis of these data, teacher 

Outcome evaluation: The results evaluation is mainly aimed at project reports submitted by 

students after the end of the project. In the AI era, plagiarism and drawing on the results of others 

occur frequently, so ensuring the originality of project reports is crucial. By automatically checking 
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and similarity detection of project reports, plagiarism can be effectively prevented. At the same time, 

the content quality of the project report can also be evaluated, such as whether the report structure is 

clear, whether the logic is rigorous, and whether the data analysis is accurate. This not only ensures 

the fairness of the evaluation, but also encourages students to take projects seriously and improve 

their scientific research ability and writing skills. 

Ability evaluation: Ability evaluation focuses on examining students' critical thinking ability. 

Designing AI error recognition tasks that require manual intervention is an effective way of 

evaluation. In practical applications, various errors may occur in AI models, and students need to 

use their own expertise and critical thinking to identify these errors and propose solutions. For 

example, when using AI for image recognition, the model may be misjudgmented, and students 

need to analyze the causes of the error and try to improve the model. Through such tasks, students' 

ability to understand and flexibly apply knowledge, as well as their critical thinking and innovation 

abilities can be examined. 

Peer evaluation: Peer mutual evaluation uses the evaluation function of the online collaboration 

platform to achieve group mutual evaluation. In PBL teaching, students usually complete projects in 

small groups, and the mutual understanding between peers is deeper. Through peer evaluation, 

students can understand their strengths and weaknesses from different angles, and can also learn 

about their strengths. For example, after the group project is presented, group members can evaluate 

the performance of other members in the project, including team collaboration, communication 

skills, innovation skills, etc. This evaluation method can not only improve students' self-cognitive 

ability, but also promote communication and cooperation among students. For example, in a project 

on "optimization problems," the following evaluation steps can be set: AI automatically scores to 

check whether the code submitted by students can correctly solve the extreme value; teachers 

evaluate students' in-depth understanding of the Lagrange multiplier method; and group members 

evaluate the innovation and practicality of the project presentation. 

5. Challenges and Countermeasures 

5.1 Technical Limitations 

The primary challenge of AI-assisted calculus teaching comes from the technology itself. Many 

AI tools (such as SymPy in Python, symbolic computation in MATLAB, and Wolfram Alpha) are 

powerful but complex to operate, and students and teachers may need a long time to adapt. Current 

AI systems still have deficiencies in understanding complex mathematical reasoning and creative 

problem-solving. 

The countermeasures include teachers receiving professional training first and then guiding 

students to gradually master the basic operations of AI tools, such as data input, code debugging, 

and result interpretation through workshops. It is advisable to prioritize user-friendly AI platforms 

(such as Desmos, GeoGebra) or provide visual interactive interfaces to lower the technical threshold. 

Educators should prepare pre-designed templates for AI solutions to common calculus problems 

(such as differentiation, integration, and series convergence analysis) to serve as reference materials 

for students, thereby minimizing the interference of technical barriers with their learning progress. 

The supportive role of AI should be clearly defined by combining its computational capabilities, 

visualization tools, and basic problem-solving functions with the pedagogical expertise of human 

teachers in fostering higher-order thinking skills and student motivation. Programmers must ensure 

these templates maintain algorithmic transparency while instructors focus on cultivating conceptual 

understanding through guided inquiry and contextual application. 
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5.2 Teachers' Acceptance 

Some mathematics teachers are not familiar with AI technology, may be skeptical of new 

technologies or lack confidence in using them, and have difficulty effectively integrating them into 

teaching. At the same time, project-based teaching requires teachers to transform from "knowledge 

transmitters" to "learning guides," which places higher demands on classroom management abilities. 

For example, in an AI-assisted differential equation modeling project, teachers need to pay attention 

to technical operations, mathematical principles, and group collaboration simultaneously, which 

may lead to being overwhelmed. 

Schools can alleviate this problem by organizing demonstration classes, establishing a tutor 

system, and providing continuous technical support. It is important to let teachers experience 

firsthand how AI can reduce their workload and improve teaching effectiveness. Mathematics 

teachers are encouraged to collaborate with computer science teachers. They can develop courses or 

utilize online resources, such as AI education courses on Coursera, to enhance their technical skills 

and build a professional teacher network. These teachers should integrate AI projects with 

traditional lectures. For example, they can begin by using AI to demonstrate Newton’s method for 

root-finding and then transition to the blackboard to derive its mathematical principles, adopting a 

blended teaching approach. They should start with short-cycle, small-scale projects, like "using AI 

to plot function graphs and analyze singularities", and gradually build expertise through pilot 

micro-projects. 

5.3 Students' over-reliance on AI 

Students may weaken their independent thinking abilities due to over-reliance on AI. For 

example, some students may directly use ChatGPT to generate problem-solving processes without 

understanding the mathematical logic. In addition, students with weak calculus foundations may be 

confused by the abstract results output by AI (such as symbolic operations or matrix differentiation). 

In group projects, there may also be uneven participation, with some members relying on others to 

complete the main work. 

Countermeasures include requiring students to manually derive key steps before using AI or 

designing "AI error-correction" tasks for them to discover and correct errors in AI output, thus 

limiting the scope of AI use. Teachers can provide targeted learning support for students with weak 

mathematical foundations by combining AI-generated step-by-step analyses (such as the 

"Step-by-Step Solution" feature in Wolfram Alpha) with their own annotations. When it comes to 

team projects, teachers should assign specific roles (e.g., data collectors, model builders, and report 

writers) to students. To ensure equal participation, teachers can require individual defenses or 

reflection logs from students so as to clarify each member’s contributions and the group’s division 

of labor. 

5.4 Ethical and Resource Support Issues 

The popularization of AI also brings academic integrity issues. For example, students may use 

AI tools to write homework on their behalf. In addition, some schools may have difficulty fully 

supporting the application of AI tools due to hardware shortages (such as lack of GPU servers) or 

policy restrictions. 

To ensure transparency in AI usage, educators should require students to identify AI-assisted 

components in their work and explain the underlying principles (e.g., "using the SciPy library in 

Python to solve differential equations because it provides optimized numerical methods"). 

Lightweight tools like Google Colab or open-source platforms such as Jupyter Notebook should be 
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prioritized to minimize reliance on local hardware. Additionally, demonstrating AI’s educational 

value through tangible outcomes—such as student competition awards, AI project case libraries, or 

improved learning metrics—can persuade school management to invest resources and secure policy 

support for AI integration. Governments and education departments should increase investment in 

underdeveloped areas and encourage the development of lightweight, low-cost AI education 

solutions. 

6. Conclusion 

AI-assisted project-based teaching brings a paradigm shift to calculus education. Through 

personalized learning, real-world project applications, visual presentation, and intelligent feedback, 

it effectively improves students' learning outcomes. This teaching model not only helps students 

better master calculus knowledge but also, more importantly, cultivates their mathematical thinking 

abilities and problem-solving skills. With the continuous development of technology and the 

updating of educational concepts, AI-PBL will surely become the mainstream model of future 

calculus teaching and play an important role in cultivating innovative talents. 
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