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Abstract: The fundamentals of electrical and electronic engineering involve both theoretical and 

practical components and serve as a foundational course for communication engineering students 

in subsequent specialized studies. This study focuses on the basic electrical and electronic engineer-

ing course and aims to construct an inquiry-based classroom teaching model by integrating artificial 

intelligence (AI) with project-based learning. AI technologies are embedded into project practice to 

support students in effectively integrating electrical and electronic engineering knowledge with in-

telligent technologies. Through project-based learning tasks, such as the design of a cyclic festival 

lighting system, students are encouraged to identify problems in authentic contexts, conduct exper-

imental investigations for verification, and consolidate knowledge through reflection and summa-

rization. The results indicate that the integration of AI and project-based learning enhances students' 

understanding of electrical and electronic principles, improves their ability to apply AI technologies, 

and stimulates learning interest. This teaching model provides a feasible and effective pathway for 

the implementation of inquiry-based classrooms in electrical and electronic engineering education. 
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1. Introduction 

The course Basic Electrical and Electronic Engineering is an essential foundational 

course for communication engineering students, equipping them with basic circuit 

knowledge as well as the ability to conduct circuit testing and maintenance. However, in 

teaching practice, there are problems such as excessive emphasis on theoretical instruc-

tion and experimental activities that focus primarily on verification. Although students 

may master relevant knowledge, their ability to transfer and apply this knowledge to real-

world engineering problems is relatively weak, making practical application difficult. 

With the development of artificial intelligence (AI), various industries are transform-

ing and upgrading toward intelligent systems, and the education and communication sec-

tors are no exception. This development places higher demands on the teaching of basic 

electrical and electronic engineering courses, requiring the cultivation of students' abili-

ties to utilize information technologies and engage in independent inquiry. Traditional 

lecture-based teaching models are no longer sufficient to meet the requirements of culti-

vating inquiry abilities in modern communication engineering professionals. Inquiry-

based classrooms, characterized by student-centered learning and process-oriented in-

struction, provide a classroom framework centered on problem-based inquiry and evi-

dence-based reasoning [1]. 

An inquiry-based classroom takes students as the central participants in learning, 

while teachers play a supportive and guiding role. With teachers' guidance, students are 
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able to actively explore, discover, and ultimately acquire knowledge. In inquiry-based 

classrooms, students gradually learn how to identify problems, think critically about 

problems, and solve problems, thereby establishing their own knowledge systems and 

learning methods [2]. 

Inquiry-based classrooms mainly consist of the following stages. First, problems are 

introduced and hypotheses are proposed. Based on instructional objectives and content, 

teachers raise thought-provoking and logically structured questions to guide students to-

ward the target knowledge. Second, problem analysis and exploratory verification are 

conducted. Under teachers' guidance, students engage in independent learning and group 

collaboration to explore key knowledge points in depth. Through experimental activities 

and repeated trial-and-error processes, students solve practical problems and gradually 

form their own cognitive frameworks. Third, reflection, summarization, transfer, and ap-

plication are carried out. During this stage, students summarize inquiry outcomes and 

engage in innovation and re-creation based on their learning experiences. 

However, the construction of inquiry-based classrooms requires effective instruc-

tional methods and appropriate support. The emergence of project-based learning has 

demonstrated its strong advantages and provides solid support for inquiry-based class-

room construction. By organizing students to conduct systematic inquiry around real 

problems, project-based learning enables the integration of multidisciplinary knowledge 

through the completion of project tasks. Project-based learning abandons traditional lec-

ture-based instruction, takes students as the main participants, and uses project comple-

tion as the guiding principle, thereby providing essential conditions for students' inde-

pendent inquiry [3]. 

In summary, this study aims to employ artificial intelligence and project-based learn-

ing as teaching approaches to construct an inquiry-based classroom through project tasks, 

thereby enhancing students' information technology application abilities and independ-

ent inquiry capacities. 

2. Instructional Design 

Based on the inquiry-based classroom model, and using artificial intelligence (AI) 

and project-based learning as instructional tools, the inquiry-based classroom teaching 

process is designed into three stages. 

2.1. Before class: Problem scenario and hypothesis formulation. 

Before class, the teacher creates problem scenarios based on real-world situations and 

releases the project content. After receiving the project tasks, students, driven by the iden-

tified problems, learn relevant knowledge points with the assistance of AI and complete 

the conceptualization of solutions and the formulation of hypotheses [4]. 

2.2. In-class activities: Problem analysis and exploratory verification. 

The main focus of in-class activities is the practical implementation of projects. Prior 

to class, students have already developed their project plans. During class, they work in 

groups to implement these plans. The teacher primarily acts as a facilitator, guiding stu-

dents through project implementation by posing questions. Meanwhile, students can uti-

lize AI for data analysis and discussion, independently resolving problems encountered 

during experiments. 

2.3. After class: Reflection, summarization, transfer, and application. 

After class, students are required to complete self-evaluation and reflection. Based 

on the data collected and the problems encountered during classroom experiments, stu-

dents can receive targeted feedback from AI. Using the personalized feedback generated 

by AI, students conduct self-evaluation and reflection and engage in personalized exten-

sion tasks according to their identified problems. 
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Figure 1 presents the instructional design scheme for the Electrical and Electronic En-

gineering course that integrates AI and project-based learning to construct an inquiry-

based classroom. This study takes the "Design of a Cyclic Colorful Light for Festivals" as 

an example to illustrate the teaching implementation process of constructing an inquiry-

based classroom through AI and project-based learning. 

 

Figure 1. Instructional design framework for constructing an inquiry-based classroom integrating 

AI and project-based learning. 

3. Teaching Implementation Process: 

3.1. Before class: Problem scenario, hypotheses are proposed. 

In the first stage, considering students' learning situation, teaching objectives, and 

the interest of learning, this study selected a simple electronic project closely related to 

daily life-"Design and Implementation of a Cyclic Colored Light for Festivals." The project 

task was to design and implement a colored light circuit that could periodically and cycli-

cally light multiple LEDs under a given DC power supply, and to analyze and verify the 

relevant data [5]. 

Before class, teachers could distribute videos showcasing common recurring decora-

tive lights used in festivals, clarifying the project task and the requirements for designing 

a small recurring decorative light. After assigning the task, students were required to de-

sign their solutions in groups. Students could utilize AI assistants to access relevant infor-

mation and supplement their knowledge. For example, students could use AI to look up 

the basic structure of common cyclic decorative light circuits, the functions of the involved 

components, and possible implementation schemes. Based on this, group members could 

discuss their ideas and the knowledge they had learned to form a preliminary design plan. 

In this experiment, students proposed three feasible solutions: 

1) Solution 1: Uses an NE555 timer without an oscillator in combination with a 

counter. The 555 provides clock pulse signals, the counter counts the pulse sig-

nals, and outputs a high-level signal to light up the LEDs. 

2) Solution 2: Uses an NE555 timer without an oscillator in combination with a reg-

ister. The 555 provides pulse signals, and the highest bit output of a bidirectional 

shift register serves as the input signal to the control terminal of another bidirec-

tional shift register, thus achieving the cyclical on/off state of the LEDs. 

3) Solution 3: Uses a microcontroller combined with LEDs and resistors to con-

struct a circuit. The program is programmed into the microcontroller to control 

the lighting pattern. If the lighting pattern needs to be changed, only the pro-

gram needs to be modified. 

After completing the design, students could use software to simulate the circuit to 

further determine the rationality of the circuit design. 

The pre-class stage did not emphasize the correctness of the plan. The purpose of the 

design was to enable students to have a preliminary understanding of the project and a 

sense of the problem before entering the classroom, so as to cultivate students' sense of 

inquiry and lay the foundation for subsequent experimental investigation. 
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3.2. In-class activities: Problem analysis, exploration, verification 

The in-class phase is the core of the inquiry-based classroom, with teaching activities 

unfolding primarily through project implementation [6]. The teacher first explains exper-

imental safety and usage guidelines. Subsequently, students work in groups to build cir-

cuits based on the hypotheses proposed before class, and observe and record the sequence 

of LED lights turning on and off. When experimental results differ from expectations, stu-

dents can use AI to analyze circuit phenomena and troubleshoot problems independently, 

without relying on the teacher. 

For example, in this experiment, students using Solution 2 encountered issues where 

all LEDs were lit simultaneously or the lights flickered irregularly. After reporting these 

phenomena to the AI, students were able to troubleshoot the problems. The issue of all 

LEDs being lit was caused by leaving unnecessary register inputs floating, and the irreg-

ular flickering of lights was caused by an unstable clock signal. These examples represent 

only some of the problems encountered in students' experiments and do not necessarily 

indicate the causes of any single fault. 

For groups that had completed their circuit construction, the teacher encouraged 

comparisons among their solutions to identify the optimal design. During this process, 

group members could use AI to compare and analyze the advantages and disadvantages 

of different schemes and select the best one. This classroom practice employed three dif-

ferent implementation schemes. After stimulating discussion and comparison among 

groups, the following conclusions were drawn: 

1) Solution 1: Uses an NE555 timer without an oscillator in combination with a 

counter. This scheme has a simple circuit and is easy to build, but the lighting 

effect is relatively simple. Achieving complex lighting patterns is difficult with 

this approach. 

2) Solution 2: Uses an NE555 timer without an oscillator in combination with a reg-

ister. This approach is suitable for creating flowing and back-and-forth LED se-

quences, but also suffers from the limitation of relatively simple lighting effects. 

3) Solution 3: Uses a microcontroller combined with LEDs and resistors to con-

struct the circuit. This approach uses a program to control the changing patterns 

of the lighting effect, so modifying the pattern is relatively easy, requiring only 

adjustments to the program. However, it demands a higher level of prior 

knowledge from students, creating an entry barrier, and beginners may find it 

difficult to quickly implement the circuit. 

After comparing the schemes, groups could further optimize and improve their cir-

cuits based on their specific situations. 

Throughout the lesson, the teacher acted as a guide and facilitator, directing students' 

attention to the circuit's working mechanisms rather than merely its operational aspects 

by posing key questions such as "Why does a certain branch light up first?" and "How do 

parameter changes affect the cycle frequency?" Group discussions and presentations fos-

tered students' spirit of inquiry and their ability to share experiences. 

3.3. After class: Reflection, summary, and application. 

Post-lesson reflection and summarization included reflections at the knowledge, pro-

cess, and methodological levels. Each group was required to review the project imple-

mentation process after the experiment and produce a project learning report. The project 

learning report included the circuit principles, experimental phenomena and debugging 

experience, existing problems, and directions for improvement, corresponding to 

knowledge-level, process-level, and methodological-level reflections [7]. 

• Knowledge-level reflection involved verifying whether the circuit's working princi-

ples were truly understood. 

• Process-level reflection involved identifying the causes of failures based on experi-

mental phenomena and debugging experience. 
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• Methodological-level reflection involved considering whether the steps taken were 

scientifically sound by analyzing existing problems and possible improvements. 

During the reflection and summarization process, students could use AI to summa-

rize key knowledge points and reflect on problems encountered during the experiment as 

well as possible improvements. At the same time, the teacher assigned extension tasks, 

such as "Implement a model of a simple two-point traffic light" or "Design a status indi-

cator light for a household appliance." By changing the problem scenario, students were 

encouraged to apply the design ideas of festival cyclic colored lights to other sequential 

control problem scenarios, enhancing their ability to optimize and adjust circuit structures, 

and deepening their understanding of circuit principles [8]. 

Through post-lesson reflection and application, students not only consolidated their 

knowledge but also gradually developed an inquiry-based learning habit of "posing ques-

tions-analyzing problems-solving problems." 

4. Implementation and Results 

4.1. Inquiry-Based Classrooms Promote the Improvement of Students' Inquiry Abilities 

The inquiry-based classroom developed in this study integrates project tasks 

throughout the entire teaching process, forming a learning path with "proposing ques-

tions-analyzing questions-solving questions-reflecting and applying" as the main thread. 

In the pre-class stage, students were guided to raise questions and formulate hypoth-

eses around the specific project of "designing a cyclical colored light for festivals" by cre-

ating a practical scenario closely related to daily life. This scenario not only effectively 

reduced the difficulty of learning but also provided students with a sense of familiarity, 

which in turn stimulated their interest in learning. Supported by their existing basic 

knowledge of electrical and electronic engineering, students were able to independently 

research and speculate on the implementation of the cyclical flashing of the colored lights 

using AI, thus developing preliminary circuit design ideas. This process cultivated stu-

dents' inquiry-based thinking and circuit construction abilities [9]. 

During the in-class stage, teachers organized students to conduct experimental anal-

ysis and inquiry-based verification. Students continuously verified and revised their de-

sign schemes through circuit construction, parameter adjustment, and phenomenon ob-

servation. Groups could compare and discuss different design approaches and experi-

mental results, allowing students to examine problems from multiple perspectives and 

deepen their understanding of the circuit's working principles. Through the analysis of 

experimental data and the verification of results, students gradually achieved a cognitive 

shift from "phenomenon observation" to "mechanism explanation." 

In the post-class stage, students systematically reviewed the project implementation 

process through reflection, summarization, and application. On one hand, they summa-

rized the key knowledge points and technical aspects of the holiday-themed cyclical col-

ored light circuit; on the other hand, through extended tasks, they applied the principles 

they had learned to the design of other simple electronic circuits, thereby reconstructing 

and consolidating their knowledge. This process facilitated students' transformation from 

"completing tasks" to "understanding principles and applying them flexibly," forming a 

complete closed loop of inquiry-based learning. 

Overall, the implementation of inquiry-based classrooms effectively promoted stu-

dents' transition from passive recipients of knowledge to active problem solvers. While 

improving students' experimental analysis skills, problem-solving ability, and knowledge 

transfer capacity, it also enhanced their enthusiasm and initiative in participating in learn-

ing [10]. 
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4.2. The Teaching Model Combining AI and Project-Based Learning Provides an Effective Way 

to Construct Inquiry-Based Classrooms 

In the practice of inquiry-based classrooms, the integration of artificial intelligence 

(AI) and project-based learning provides an effective approach to teaching activities. Pro-

ject-based learning, with its task-oriented approach, offers clear learning objectives and 

practical scenarios, while AI technology plays a supportive role in information acquisition, 

solution generation, and data analysis, effectively enhancing the efficiency and quality of 

inquiry-based classroom implementation [11]. 

At the teacher level, instructors become planners and facilitators of learning activities. 

With the assistance of AI tools, teachers can efficiently design project tasks, create problem 

scenarios, and integrate teaching resources. For example, in the cyclical colored light pro-

ject, teachers could use AI in advance to generate multiple circuit design ideas and related 

problem scenarios, and subsequently process and reorganize the generated content to bet-

ter align with teaching objectives and students' cognitive levels. Based on this, and guided 

by well-designed questions, students could gradually conduct in-depth exploration, pre-

venting the inquiry process from becoming overly simplistic or deviating from the teach-

ing focus. 

At the student level, AI effectively supports project-based learning. Before class, stu-

dents can proactively study circuit principles and component functions using AI, devel-

oping a solid understanding of new knowledge, enhancing learning autonomy, and im-

proving both learning efficiency and the efficiency of teacher instruction. During in-class 

experiments and discussions, when groups explore their design schemes to identify opti-

mal solutions, AI can serve as a reference tool, providing diverse perspectives to help stu-

dents compare, analyze, and make informed judgments. In the post-class stage, students, 

with AI assistance, complete lab reports, summarize reflections, and design extension 

tasks, thereby consolidating learning outcomes and deepening their understanding. 

Through the combined use of AI and project-based learning, inquiry-based class-

rooms are effectively strengthened in all stages-pre-class, in-class, and post-class. This ap-

proach not only reduces teachers' workload and enhances teaching efficiency, but also 

develops students' inquiry skills and self-directed learning abilities. Practical experience 

has verified that this teaching model facilitates the construction of student-centered, pro-

ject-based, inquiry-oriented electrical and electronic classrooms, achieving an organic in-

tegration of information technology and the cultivation of inquiry abilities [12]. 

5. Conclusion 

In the teaching of basic electrical and electronic engineering, the innovative integra-

tion of AI and project-based learning to construct an inquiry-based classroom has demon-

strated significant educational benefits. This approach not only implements a student-

centered teaching philosophy but also effectively enhances students' inquiry abilities and 

their capacity to apply information technology. By creating learning scenarios based on 

real-world problems, teachers guide students through the processes of hypothesis formu-

lation, experimental analysis, and result verification, fostering autonomous learning and 

deep understanding of knowledge. 

In teaching practice, AI and project-based learning provide effective support and fea-

sible solutions for constructing inquiry-based classrooms, gradually improving students' 

self-directed learning abilities. Through experimental inquiry and reflective summariza-

tion, students' inquiry skills are continuously developed, while knowledge learned in one 

context is transferred and applied to others. 

Overall, the exploration and implementation of inquiry-based classrooms based on 

AI and project-based learning not only strengthen students' initiative and depth of inquiry 

but also enhance overall classroom teaching effectiveness. This model provides a referable 
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framework for the reform of electrical and electronic engineering education and high-

lights the potential of integrating technological tools with pedagogical innovation to cul-

tivate competent, independent learners. 
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