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Abstract 

With the rapid development of artificial intelligence (AI) technology, its application in 
the field of education is gradually promoting teaching reform. Especially in the teaching 
of the "Signals and Systems" course, AI can provide more accurate and efficient teaching 
design and optimization schemes. This paper aims to explore how to use AI technology 
to promote the intelligent design and optimization of the "Signals and Systems" course, 
focusing on analyzing the applications of AI in teaching content generation and learning 
path design, and discussing specific strategies such as dynamically adjusting teaching 
content and optimizing learning paths. It is expected to provide new ideas and practical 
approaches for the intelligent teaching of the "Signals and Systems" course. 
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1. Introduction 

The "Signals and Systems" course is a fundamental subject for majors such as electronic 
engineering. Its teaching content and methods are in urgent need of adapting to the 
development of modern science and technology to meet the increasingly diverse and 
personalized learning needs. Traditional teaching models are facing challenges such as low 
efficiency and insufficient interactivity. The AI-driven intelligent design and optimization of 
teaching content, utilizing cutting-edge technologies like machine learning and deep learning, 
can realize the dynamic generation of teaching content, adaptive adjustment of learning paths, 
and intelligent management of experimental simulations. Through a data-driven intelligent 
evaluation system, it can accurately identify students' learning status and progress, provide 
support for personalized teaching, thereby improving learning efficiency and teaching quality.   

2. Integration of Artificial Intelligence and the "Signals and Systems" 
Course 

The introduction of artificial intelligence (AI) technology has brought new opportunities and 
challenges to the teaching of the "Signals and Systems" course. By leveraging data analysis, 
model prediction, and other capabilities, it can provide students with more precise guidance 
during their learning process. Particularly, machine learning and deep learning can dynamically 
adjust teaching content and difficulty based on students' learning progress and comprehension 
abilities in teaching practice. Meanwhile, AI-driven simulation platforms and virtual 
experimental environments enable students to conduct experiments related to signals and 
systems without relying on physical laboratories, thereby enhancing their practical skills and 
innovative thinking. In addition, AI can assist teachers in classroom management and student 
assessment. AI systems can real-time monitor students' learning progress, identify difficult 
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points in their learning, and provide data support for teachers to optimize teaching strategies, 
allowing students' learning outcomes to be accurately quantified [1]. 

3. AI-Driven Intelligent Design of Teaching Content for "Signals and 
Systems" 

3.1. Intelligent Generation of Textbook Content 

With the aid of artificial intelligence technologies, particularly Natural Language Processing 
(NLP) and Generative Adversarial Networks (GANs), intelligent generation of textbook content 
can be achieved. This not only improves the efficiency of content generation but also 
dynamically adjusts textbook content based on students' learning progress and comprehension 
abilities. Through big data analysis, AI systems can extract relevant knowledge points from a 
vast array of teaching resources, and automatically generate logically structured and 
hierarchical textbook chapters by combining curriculum requirements with students' learning 
characteristics. Meanwhile, AI models can identify key content in teaching syllabuses and 
integrate the latest academic achievements to automatically produce textbook versions 
suitable for different learning depths and knowledge backgrounds. In addition, AI-driven 
textbook content generation can create personalized textbooks tailored to the diverse learning 
needs of individual students. In the "Signals and Systems" course, the generation of intelligent 
textbooks can provide specific examples, diagrams, and application scenarios for different 
knowledge modules, such as Fourier Transform and Laplace Transform, thereby making 
abstract mathematical theories more intuitive. 

3.2. Design of Adaptive Learning Paths 

The design of adaptive learning paths can tailor the most suitable learning routes for students 
based on their learning progress, ability levels, and other factors, thereby enhancing the 
personalization and efficiency of learning and effectively addressing  the differences among 
students in the learning process. For example, after a student completes a certain learning task, 
the system will generate a knowledge graph related to that task, assess the student's current 
mastery level, and recommend corresponding learning resources based on their learning 
performance, such as additional practice questions and extended reading materials. If the 
student's learning behavior meets expectations, the system will recommend new learning 
content; otherwise, it will adjust according to the student's knowledge gaps and learning 
difficulties to help them make up for deficiencies and ensure a smooth learning process without 
bottlenecks. As shown in Fig. 1, learning behavior serves as the core input of the adaptive 
learning path. Starting from the knowledge graph corresponding to the questions, the system 
estimates the student's latest knowledge graph with reference to the most probable knowledge 
graph of the student, and then infers the most suitable learning content for the student based 
on whether the relevant knowledge is mastered. 
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Figure 1. Flowchart of Adaptive Learning Path 

3.3. Design of Adaptive Learning Paths 

The AI-driven experimental simulation platform can provide students with a virtual and highly 
interactive experimental environment. Combining computer simulation technology, artificial 
intelligence algorithms, and other technologies, it simulates and repro duces real experimental 
scenarios. Students can operate various signal processing tools, such as filter design and 
spectrum analysis, in the virtual environment. With the assistance of AI, the platform can 
simulate the dynamic changes of experiments in real time and automatically adjust the 
difficulty of experiments and feedback content according to students' operational behaviors 
and experimental results. In addition, the application of AI algorithms in the simulation 
platform can realize real-time analysis and optimization of experimental data. By collecting and 
analyzing experimental data, the platform can identify the difficulties or errors encountered by 
students during the experiment and provide intelligent feedback to help them correct 
operational deficiencies. After the experiment, the platform can also automatically generate 
experimental reports, detailing students' operational processes, experimental results, and 
optimization suggestions, enabling students to more intuitively grasp the key points of  the 
experiment [2]. 

3.4. Design of Adaptive Learning Paths 

The intelligent evaluation system can integrate technologies such as machine learning and data 
mining to comprehensively assess students' learning status in real time and provide 
personalized feedback for both teachers and students. Its construction requires the integration 
of students' learning data, including multi-dimensional data such as homework scores and 
experimental results. Through in-depth analysis of these data, the system can identify students' 
mastery of different knowledge points and dynamically adjust their learning paths based on AI 
algorithms. At the same time, the system can guide students' learning behaviors through a real-
time feedback mechanism to help them correct mistakes in a timely manner, thereby avoiding 
long-term misunderstandings and knowledge point deviations. Table 1 below is a data table 
based on the intelligent evaluation system, showing students' learning progress and evaluation 
data in various modules of the "Signals and Systems" course: 
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Table 1 Data of Intelligent Evaluation System 

Student 
ID 

Homework 
Scores 

Experimental 
Scores 

Mock Test 
Scores 

Classroom 
Interaction 
Frequency 

Knowledge 
Mastery 
(Score) 

Learning 
Duration 
(Hours) 

001 85 90 88 12 82 15 

002 78 85 80 10 76 13 

003 92 94 90 15 90 18 

004 70 75 72 8 70 12 

005 88 86 84 14 85 16 

 

This table indicates that factors such as students' learning duration and classroom interaction 
frequency have a significant correlation with their knowledge mastery. The intelligent 
evaluation system can conduct effective analysis based on these data to timely adjust learning 
paths and teaching content. Students' evaluation reports will reflect their learning strengths 
and areas needing improvement based on these data, thereby realizing personalized and 
precise learning guidance. 

4. AI-Driven Optimization Strategies for Teaching Content of "Signals and 
Systems" 

4.1. Data Analysis-Driven Dynamic Content Adjustment 

In AI-driven teaching, data-driven instruction enables real-time tracking of students' learning 
behaviors, analyzes their mastery of different knowledge points, and accurately identifies their 
weak areas. It provides teachers with more detailed teaching feedback to help optimize  in-class 
teaching strategies and improve teaching quality. Meanwhile, dynamic content adjustment also 
involves real-time data collection during classes for the adjustment of teaching strategies, 
which allows for precise and flexible responses to students'  learning needs, thereby enhancing 
in-class teaching effectiveness and students' learning experience. 

In the teaching of Chapter 4 "Fourier Analysis of Continuous Signals" in the "Signals and 
Systems" course, teachers use data analysis platforms to collect students' in-class learning 
behavior data, such as their understanding of the derivation of Fourier a nalysis formulas and 
the frequency of in-class questions. The system automatically identifies the conceptual 
ambiguity among students between Fourier series and Fourier transform, and then pushes 
targeted tutoring resources (e.g., video explanations, practice questions) to help students gain 
a deeper understanding of abstract concepts. Subsequently, in the organization of in -class 
teaching, teachers can monitor students' learning progress in real time. When discovering that 
some students face common difficulties in dealing with the relationship between signals and 
frequency domains, teachers can temporarily adjust the teaching content and use more 
graphical methods and interactive tools (e.g., spectrum diagrams, signal schematics) to help 
students establish an intuitive understanding. For instance, when explaining the calculation 
method of Fourier transform, teachers use digital platforms to display the relationship between 
specific signals and their spectra, and explain the changes between frequency-domain and time-
domain signals through dynamic simulations. During the students' independent learning stage, 
the platform collects students' homework and mock test data through automated evaluation, 
and timely feeds back their mastery of Fourier analysis concepts to consolidate their 
understanding of Fourier analysis [3]. 
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4.2. Intelligent Recommendation System for Optimizing Learning Paths 

In the AI-driven teaching system, the intelligent recommendation system can integrate 
students' learning data and behavior analysis to dynamically recommend personalized learning 
resources for each student, and continuously optimize the learning path during the learning 
process—thereby helping students master the course content more efficiently. At the same 
time, the recommendation system can adjust the recommended content based on students' 
feedback to ensure accurate matching of learning resources. In addition, the intelligent 
recommendation system can optimize the design of learning paths: according to students' 
learning progress, the system can dynamically adjust the presentation order and difficulty of 
teaching content. 

In the teaching of Chapter 5 "Frequency-Domain Analysis of Continuous-Time Systems" in the 
"Signals and Systems" course, teachers use the intelligent recommendation system to monitor 
students' learning progress and comprehension ability in real time at each stage. For example, 
when explaining the content of "Frequency-Domain Analysis of Continuous-Time Systems", the 
system analyzes students' homework and mock test scores and finds that some students have 
difficulties in understanding frequency response and system stability analysis. At this point, the 
system automatically recommends more graphical illustrations and interactive exercises to 
help students understand the concept of frequency response in a visual way. In addition, the 
system provides supplementary learning materials related to system stability, and helps 
students master key concepts in a timely manner based on real-time evaluation feedback. When 
students move on to more challenging frequency-domain analysis content, the intelligent 
recommendation system automatically adjusts the difficulty of recommended resources and 
pushes appropriate learning materials according to students' mastery level. For example, for 
students who have mastered basic frequency-domain analysis, the system recommends more 
complex application problems of Laplace transform and in-depth academic articles; for 
students still in the basic stage, the system recommends simplified textbook content and basic 
exercises to ensure that the learning process is not overly difficult.  

4.3. Personalized Customization to Precisely Meet Needs 

In the AI-driven teaching system, personalized customization aims to leverage artificial 
intelligence technology to provide tailored learning content and learning paths for each student 
based on multi-dimensional data such as their learning progress and co mpetence level. It 
accurately analyzes students' learning status, enabling them to learn at a pace suitable for 
themselves, focus on breaking through their weak areas, and optimize learning outcomes. 
Meanwhile, it provides teachers with real-time and precise teaching feedback to facilitate better 
guidance for students. 

In the teaching of Chapter 7 "Wavelets and Wavelet Analysis" in the "Signals and Systems" 
course, teachers first use intelligent systems to collect students' learning data from previous 
chapters, especially their mastery of knowledge related to Fourier transform and time-domain 
signal processing. Based on the depth of students' understanding of these basic knowledge 
points, the system formulates personalized learning paths for each student. During classes, 
teachers use intelligent recommendation systems to push personalized learning resources to 
students, ensuring that each student can learn at an appropriate difficulty level. The system 
monitors students' learning progress in real time and dynamically adjusts recommended 
content according to their performance in class discussions, homework completion, and other 
aspects. For instance, when explaining the multi-resolution analysis of wavelet transform, the 
system can analyze students' learning behaviors and identify that some students have 
difficulties in understanding the physical meaning of scaling functions. Consequently, the 
system automatically recommends more diagrams and animations about scaling functions and 
wavelet basis functions for these students, helping them intuitively grasp these abstract 
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mathematical concepts through visualization. In the homework and testing stages, the system 
provides specific feedback and dynamically adjusts subsequent learning paths based on 
students' homework submission status and test scores. For example, in a wavele t transform 
test, students' answers generally indicate difficulties in understanding the selection of wavelet 
basis functions. By analyzing the types of students' errors, the system targetedly recommends 
more detailed explanations and supplementary exercises [4]. 

4.4. Knowledge Graph Management for Optimizing Knowledge Structure 

In the AI-driven optimization of teaching content, knowledge graph management constructs a 
network of relationships between disciplinary knowledge points, enabling students and 
teachers to better understand and organize knowledge. It adopts a graphical kno wledge 
representation method, using nodes and edges to represent knowledge points and their 
interrelationships. This allows students to intuitively see the connections between various 
knowledge points, understand their positions and roles in the entire dis cipline, and thus help 
students master knowledge more systematically. 

In the teaching of Chapter 10 "State Equations and State Variable Analysis" in the "Signals and 
Systems" course, teachers first use the knowledge graph management system to collect 
students' learning data from the previous chapter, especially their learning progress related to 
knowledge points such as system stability and Linear Time-Invariant (LTI) systems. Based on 
students' mastery of these basic contents, the system automatically adjusts learning paths and 
recommends personalized learning resources for each student. During classes, teachers use the 
knowledge graph to display the overall structure of the chapter and the relationships between 
various knowledge points. For example, when explaining "State Equations and State Variable 
Analysis", teachers show the relationship between state equations and signal input/output, 
emphasizing the importance of this knowledge point in signal processing and control systems. 
This enables students to intuitively see the connection between each derivation step and 
previous knowledge, helping them break down complex concepts into more understandable 
parts. In the process of classroom activities, teachers update the node information in the 
knowledge graph based on real-time feedback and data collection. For instance, when students 
are doing related exercises, the system automatically analyzes their problem-solving processes 
and errors, adjusts the node relationships in the knowledge graph, and targetedly recommends 
supplementary learning materials. For students who have misunderstandings in the derivation 
of state equations, the system provides more exercises on system stability and mathematical 
derivation to help them consolidate relevant concepts [5]. 

5. Conclusion 

In summary, against the backdrop of the rapid development of information technology, AI-
driven intelligent design and optimization of teaching content can significantly enhance the 
teaching effectiveness of the "Signals and Systems" course. By integrating technologies such as 
data analysis and intelligent recommendation systems, it can provide precise learning resource 
recommendations tailored to the personalized needs of each student. Based on students' 
learning behavior data, it dynamically adjusts teaching content, constructs an intelligent 
knowledge graph to optimize knowledge structure, and modifies teaching content through real-
time feedback systems. This enables students to better grasp complex knowledge of signals and 
systems along personalized learning paths, while also improving their independent learning 
abilities and problem-solving skills. It provides new ideas and practical approaches for the 
teaching innovation of the "Signals and Systems" course, and promotes the intelligent 
development of education. 
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