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Abstract. This study focuses on the design of electromagnetic spectrum courses
based on project-based learning. By analyzing the problems in traditional elec-
tromagnetic spectrum courses and combining the advantages of project-based
learning, a new course design approach is proposed. This design aims to enhance
students' practical abilities and innovative thinking through project driven ap-
proaches, and improve the teaching effectiveness of electromagnetic spectrum
courses. This article elaborates on the design process in detail and looks forward
to the implementation effect.
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1 Introduction

In today's information age, the electromagnetic spectrum [1], as an important carrier of
information transmission, is becoming increasingly important. With the rapid develop-
ment of wireless communication [2], radar detection [3], electromagnetic compatibility
[4] and other fields, the demand for professionals in electromagnetic spectrum is also
constantly increasing. However, traditional electromagnetic spectrum courses [5] have
problems such as a disconnect between theory and practice, low student participation,
and a single evaluation system. With the continuous updating of educational concepts,
how to closely integrate theoretical knowledge with practical applications and stimulate
students' interest in learning has become an urgent issue for educators to solve.

Project-based learning [6], as a student-centered teaching model that emphasizes
practice and innovation, has received widespread attention and application in the field
of education both domestically and internationally in recent years. This study aims to
explore the design of electromagnetic spectrum courses based on project-based learn-
ing. By constructing a project-based teaching system, students can learn and master
electromagnetic spectrum related knowledge while solving practical problems, and cul-
tivate their practical abilities and innovative thinking. This study not only contributes
to improving the teaching quality of electromagnetic spectrum courses, but also pro-
vides new ideas and methods for talent cultivation in related fields.
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2 Related Theoretical Foundations

Before delving into the current status and design process of electromagnetic spectrum
courses, it is necessary to first understand the relevant theoretical foundations. These
theoretical foundations will provide strong support for us to better understand electro-
magnetic spectrum courses and project-based learning course design.

2.1  Theory Related to Electromagnetic Spectrum Courses

The core of electromagnetic spectrum courses lies in imparting the basic properties,
propagation laws, and applications of electromagnetic waves in fields such as commu-
nication, radar, and remote sensing. This type of course usually covers multiple aspects
such as electromagnetic field theory, propagation and scattering of electromagnetic
waves, antenna theory, electromagnetic compatibility, etc. Electromagnetic spectrum
courses not only require students to master solid theoretical knowledge, but also em-
phasize the cultivation of experimental skills and engineering practical abilities.
Through theoretical learning, students can understand the basic concepts and principles
of electromagnetic waves; Through experiments and practical activities, students' abil-
ity to apply theoretical knowledge to practice is strengthened, and their understanding
and mastery of electromagnetic spectrum technology are deepened.

2.2 Project-Based Learning Theory

Project-based learning is a student-centered teaching method that emphasizes promot-
ing active learning by solving real-world problems or completing challenging projects.
In project-based learning, students are given more autonomy, and they need to inde-
pendently determine learning goals, design learning plans, implement projects, and
demonstrate results under the guidance of teachers. Project-based learning not only fo-
cuses on students' knowledge acquisition, but also emphasizes the cultivation of their
critical thinking, innovation ability, teamwork, and problem-solving skills. Through
project-based learning, students can deepen their understanding of knowledge through
practice and enhance their comprehensive literacy.

2.3  Course Design Theory Based on Projec-Based Learning

Applying project-based learning to the design of electromagnetic spectrum courses re-
quires adherence to certain course design theories. Firstly, course design should be stu-
dent-centered, focusing on students' interests and needs, ensuring that project content
is closely related to students' actual lives and future development. Secondly, course
design should focus on interdisciplinary integration, combining electromagnetic spec-
trum knowledge with other disciplines such as physics, mathematics, computer science,
etc., to cultivate students' comprehensive literacy and innovation ability. In addition,
course design should emphasize practicality and inquiry, guiding students to actively
explore, practice, and innovate by designing challenging project tasks. Finally, course
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design should establish a comprehensive evaluation and feedback mechanism to timely
assess students' learning outcomes and project implementation effects, and provide tar-
geted guidance and suggestions for students.

3 Analysis of the Current Status of Electromagnetic
Spectrum Courses

In today's rapidly developing technological era, electromagnetic spectrum courses, as
core courses in electronic science and technology, communication engineering, and
other majors, have a direct impact on the teaching quality and learning effectiveness of
students' future development in related fields. However, with the continuous changes
in the educational environment and the increasingly diverse needs of students, the
teaching of electromagnetic spectrum courses also faces many challenges.

3.1 Problems in the Teaching of Traditional Electromagnetic Spectrum
Courses

Traditional electromagnetic spectrum courses have gradually exposed some problems
in the long-term development process, which have affected the quality of teaching and
learning effectiveness. On the one hand, course content often focuses on imparting the-
oretical knowledge, neglecting the cultivation of practical operation and engineering
application abilities. This teaching mode makes it difficult for students to apply the
knowledge they have learned to solve practical problems, limiting their innovation abil-
ity and the development of practical skills. On the other hand, the teaching methods are
relatively single, usually using lectures and demonstrations, lacking interactivity and
participation, making it difficult to stimulate students' interest and initiative in learning.
In addition, the evaluation system often focuses on exam scores, neglecting the assess-
ment of students' learning process and comprehensive abilities, resulting in one-sided
and unfair evaluation results.

3.2  The Current Application Status of Project-Based Learning in
Electromagnetic Spectrum Courses

With the continuous updating of educational concepts and the deepening of teaching
reforms, project-based learning has gradually been applied in electromagnetic spectrum
courses. Project-based learning emphasizes student-centered approach, allowing stu-
dents to actively learn and explore while solving problems through real project tasks.
This teaching model can stimulate students' curiosity and thirst for knowledge, cultivate
their critical thinking, innovation ability, and teamwork spirit. In electromagnetic spec-
trum courses, project-based learning is widely applied in fields such as antenna design,
research on electromagnetic wave propagation characteristics, and electromagnetic
compatibility analysis. By designing challenging project tasks, students can master rel-
evant knowledge and skills in practice, while cultivating their engineering practice and
problem-solving abilities.
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However, although project-based learning has achieved certain application results in
electromagnetic spectrum courses, there are still some problems and challenges. For
example, the difficulty and complexity of project tasks need to be reasonably controlled
to ensure that students can complete them within a limited time; At the same time,
teachers need to have rich practical experience and teaching ability to guide students to
effectively engage in project-based learning.

4 Design Process of Electromagnetic Spectrum Courses
Based on Project-Based Learning

In order to better improve the teaching quality of electromagnetic spectrum courses and
fully leverage the advantages of project-based learning, we will now elaborate on the
design process of electromagnetic spectrum courses based on project-based learning.

4.1 Determination of Course Objectives

The electromagnetic spectrum courses based on project-based learning should have
clear and targeted objectives. On the one hand, it is necessary to enable students to
master the basic theoretical knowledge of the electromagnetic spectrum, including the
range, characteristics, and propagation laws of the electromagnetic spectrum. On the
other hand, emphasis is placed on cultivating students' practical skills, problem-solving
abilities, teamwork skills, and innovative thinking. Through the implementation of the
project, students will be able to apply their knowledge of electromagnetic spectrum to
practical problems, improving their comprehensive understanding and application level
in the field of electromagnetic spectrum.

4.2  Project Theme Selection

The selection of project themes is a crucial aspect of course design. The following prin-
ciples should be followed: first, authenticity. The project theme should be derived from
electromagnetic spectrum related issues in real life or engineering fields, allowing stu-
dents to feel the practical application value of the knowledge learned; Secondly, the
project should be challenging, with a certain level of difficulty that can stimulate stu-
dents' interest in learning and desire to take on challenges; The third aspect is compre-
hensiveness. The project should cover multiple knowledge points of electromagnetic
spectrum courses, promoting students' integration and application of knowledge; The
fourth is feasibility, the project should be within the students' ability range, ensuring
that they can complete the project tasks within the specified time.

4.3  Project Planning and Design

After determining the project theme, detailed project planning and design are required.
Firstly, clarify the tasks and objectives of the project, break it down into several specific
sub tasks, and provide students with clear task orientation. Secondly, establish a project
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schedule and schedule to ensure that the project can be completed on time. At the same
time, determine the resources and tools required for the project, including experimental
equipment, software tools, reference materials, etc.

4.4  Teaching Activity Design

Teaching activities should revolve around the implementation of projects. During the
project initiation phase, students can be introduced to the background, objectives, and
task requirements of the project through classroom lectures, case studies, and other
methods to stimulate their interest in learning. During the project implementation pro-
cess, teachers should play the role of guides and facilitators, guiding students to engage
in independent exploration, group discussions, and collaborative learning. Students can
be organized to conduct field research, experimental operations, data analysis, and other
activities to enable them to master electromagnetic spectrum knowledge and skills in
practice. At the same time, teachers should provide students with timely feedback and
guidance to help them solve the problems they encounter. During the project summary
phase, organize students to showcase and exchange project results, allowing them to
share their experiences and gains during the project implementation process.

4.5 Evaluation and Feedback Design

Evaluation and feedback are important aspects of course design. The evaluation should
adopt diversified methods, including student self-evaluation, group peer evaluation,
teacher evaluation, etc. The evaluation content should cover students' knowledge mas-
tery, practical ability, teamwork ability, innovative thinking, and other aspects. By eval-
uating and providing timely feedback on students' learning progress, we can help them
identify their shortcomings and make improvements. At the same time, teachers can
also reflect on and improve the course design based on the evaluation results, continu-
ously improving the teaching quality of the course.

5 Conclusions

Through the research on the design of electromagnetic spectrum courses based on pro-
ject-based learning, we deeply recognize the important role of project-based learning
in enhancing students' practical ability, innovation ability, and teamwork spirit. This
study not only reviewed the relevant theories of electromagnetic spectrum courses, but
also analyzed the shortcomings of traditional teaching and the current application status
of project-based learning, and proposed a systematic course design process. In the fu-
ture, we will continue to explore and improve this course design model, in order to
better leverage the advantages of project-based learning in electromagnetic spectrum
courses, cultivate more outstanding talents with solid theoretical foundations and prac-
tical abilities, and contribute to the development of the electromagnetic spectrum field.
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