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Abstract. In the realm of engineering education accreditation, developing an ef-

fective experimental teaching model is crucial for advancing the discipline. This 

paper examines various experimental teaching models and methods from leading 

domestic universities and, in conjunction with the current state of electrical engi-

neering experimental teaching at our institution, analyzes the primary causes of 

existing issues. We propose a research theme focused on exploring and develop-

ing a digital experimental teaching model for electrical engineering tailored to 

engineering education accreditation. By engaging with experimental instructors 

and conducting surveys and evaluations with students, this study explores three 

key areas: the research on teaching systems within the context of engineering 

education accreditation, the construction of digital teaching platforms, and the 

optimization of experimental teaching content and resources. The goal is to im-

plement an integrated experimental teaching model that encompasses pre-class, 

in-class, and post-class activities, offering significant research value and poten-

tial for broader application. 

Keywords: Engineering education accreditation, Experimental teaching model, 

Electrical engineering experiments, Digital experimental teaching. 

1 Introduction 

To achieve the goals of engineering professional accreditation and enhance teaching 

quality, developing effective experimental teaching models is essential. Numerous do-

mestic universities have explored various experimental teaching methods [1-4]. For in-

stance, Wuhan University and Shandong University have researched hierarchical ex-

perimental teaching systems within the new engineering context [5]. Shanghai Jiao 

Tong University and Harbin Engineering University have utilized information technol-

ogy to develop and promote experimental management platforms. Dalian University of 

Technology has established a tiered virtual simulation experimental teaching system 

and introduced a blended online-offline teaching method [6]. Additionally, colleges 

within our university, such as the School of Mechanical and Electrical Engineering and 

the School of Information Technology, have explored experimental reservation systems  
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and experimental teaching models. However, a universally applicable experimental
teaching system and platform remain undeveloped.

In the "Internet+Education" era, enhancing experimental teaching content, innovat-
ing course assessment methods, and refining management platforms for electrical en-
gineering courses is crucial for fostering students' autonomous learning, enhancing in-
novative practice awareness, and advancing high-quality development in schools [7-8].

This paper addresses the current challenges in experimental teaching at our institu-
tion by examining three main areas: the teaching system, digital platforms, and sup-
porting educational resources. The study aims to address the shortcomings of the exist-
ing experimental teaching model, including an incomplete system, non-standardised
experimental management platforms, and insufficient resource support. The goal is to
develop a comprehensive digital experimental teaching system within the framework
of engineering education accreditation, thereby providing a solid foundation for reform-
ing experimental teaching methods at our institution and other higher education insti-
tutions. Specifically, the study focuses on the electrical engineering experimental teach-
ing at our institution. By applying digital and informational methods, the research seeks
to overcome the limitations of traditional teaching approaches, which are primarily
class-centric and schedule-based. The proposed system is intended to meet professional
requirements, manage experimental processes effectively, collect teaching evaluations,
and establish a continuous improvement mechanism, thus significantly enhancing the
quality of electrical engineering experimental teaching. The digital experimental teach-
ing system is characterised by the following features.

(1) Experimental content is flexibly selected based on the syllabus for different stu-
dents, allowing even students within the same major to choose different projects ac-
cording to their needs.

(2) The digital teaching platform improves process monitoring and management ef-
ficiency by enhancing full-process management, from "course selection - pre-class res-
ervation - experiment implementation - evaluation feedback," to elevate teaching qual-
ity within the context of engineering education accreditation.

(3) The digital experimental teaching model facilitates the timely collection of teach-
ing evaluations from multiple perspectives through functions such as statistical analy-
sis, student feedback, and Q&A systems.

(4) Efficiently collected feedback and evaluations enable continuous improvement
and refinement of experimental teaching models and methods, resulting in a rational
and effective experimental teaching approach.

2 Current Status and Analysis of Electrical Engineering
Experimental Teaching

Our institution offers electrical engineering experiments as a fundamental course, with
over 2,500 students enrolling annually across nearly 30 engineering disciplines. In the
context of new engineering education, experimental teaching is a key aspect of engi-
neering education accreditation. Our university has explored various teaching methods
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[9-10], including virtual experiments, online courses, and management systems. How-
ever, traditional and fixed experimental content and experimental teaching models fail
to meet the diverse needs of different majors, leading to student fatigue and reduced
engagement.

Through seminars and surveys, the primary issues identified in experimental courses
include: traditional experimental teaching lacks pre-lab assessments and adequate su-
pervision mechanisms, leading to insufficient student preparation. This inadequacy can
result in experimental failures or, in severe cases, damage to equipment and safety haz-
ards. The limited number of experimental hours, with electrical engineering students
having 32 hours over two semesters and non-electrical engineering students only 6
hours, results in limited experimental content options. The alignment between non-
electrical engineering programs' goals and current curricula is minimal. The misalign-
ment between theoretical and experimental course schedules leads to insufficient prep-
aration and a weak grasp of theoretical fundamentals, making it difficult for students to
integrate theory with practice and complete complex, innovative tasks. Instructors
spend excessive time explaining and demonstrating experimental content and equip-
ment, which consumes valuable experimental time. There are limited feedback chan-
nels for students, which restricts both their learning and the teachers' ability to reflect
and improve their teaching methods. Insufficient monitoring of the experimental pro-
cess and significant plagiarism issues, with assessments of reports alone failing to ac-
curately reflect students' understanding, further compound the problem. Previous ex-
perimental teaching employed an "open-loop" approach, lacking feedback mechanisms
post-experiment, resulting in task-oriented learning without effective knowledge rein-
forcement. Common challenges across universities include the excessive volume of ex-
perimental reports, which are of little value, consume substantial student time, and con-
tribute to resource wastage due to the accumulation of reports for quality assessment
and inspections. The digital experimental teaching system is primarily characterised by
the following features.

(1) Inadequate Teaching System: Lack of assessment mechanisms for safety edu-
cation, insufficient student attention during explanations, and limited feedback chan-
nels for updating teaching methods.

(2) Incomplete Platform Functions: Dependence on instructors for process moni-
toring, time-consuming grading, and inconsistent grading standards.

(3) Limited Resources: Fixed experimental projects, minimal use of virtual exper-
iments, and inadequate pre-experiment simulations.

3 Research on Digital Experimental Teaching in Electrical
Engineering

In response to the current issues in electrical engineering experimental teaching, we
propose a digital experimental teaching model that transitions the entire process to a
digital and informational approach [11-12]. This model aims to create a closed-loop
teaching process, as illustrated in Fig. 1.
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Fig. 1. Research Content of the Digital Experimental Teaching Model for Electrical Engineer-
ing in the Context of Engineering Education Accreditation.

3.1 Research on a Blended Online and Offline Teaching System Supported by
a Q&A System

Engineering education accreditation requires meticulous control of each teaching
phase, encompassing the entire process from initiation to conclusion. The blended
online and offline teaching system, supported by a Q&A system, focuses on the entire
process from student preparation before the experiment to feedback after its comple-
tion, with a student-centered approach. This system consists of four main phases: pre-
class preparation, pre-class reservation, the experimental process, and experiment feed-
back, with a Q&A system integrated throughout these phases. The schematic diagram
of the electrical engineering experimental phases is shown in Fig. 2.
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Fig. 2. Schematic Diagram of Electrical Engineering Experimental Phases.
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(1) Pre-Class Preparation: Laboratory Safety Access, Establishment of an Exper-
iment Project Database by Instructors, and Student Selection of Projects.

a) Introduction of Safety Education Assessment Mechanism: Safety education in-
cludes general safety training and specific experimental project safety training. General
safety education covers basic protocols across various laboratory disciplines, forming
a multi-disciplinary foundation. Students must complete safety video viewing and as-
sessment before participating in any experiments.

b) Establishment of an Experiment Project Database by Instructors: Instructors mod-
ularize experimental knowledge into categories, each containing several knowledge
modules. Each module corresponds to one or more experimental contents, with varying
weights and levels of complexity. Experiments are categorized into verification, inte-
grative, and self-designed experiments, including both offline and online formats. Stu-
dents may be randomly assigned different parameters, including confirmatory and fal-
sification groups.

c) Student Course Selection: Students can choose different experimental modules
based on their interests to meet operational and virtual experiment requirements for
each category. Students exceeding the required points may select some additional ex-
periments for grading, encouraging participation in multiple experiments and achieving
an open status within the experimental categories. Some experimental projects may use
a flipped classroom model, where students complete the experiment first and then study
theoretical concepts, enhancing their understanding. Students from different majors
may select cross-disciplinary experiments. After completing required experiments, stu-
dents may submit documentation for self-innovated experiments online for instructor
review, which may result in feedback or approval.

(2) Pre-Class Reservation: Pre-Class Tasks, Pre-Class Assessment, Virtual Exper-
iments, and Reservation Timing.

a) Pre-Class Completion Assessment Mechanism: Pre-class assessments will evalu-
ate task completion, assessment questions, and virtual experiments. Task completion is
recorded by the  system based on video and PPT engagement,  with  scoring  for  page
views and duration. Assessment questions focus on experimental content and safety.

b) Reservation Timing: Within the experimental category's open cycle, students re-
serve experiments based on their availability and check in on time. For students who
have submitted and passed innovative experiments, the reservation platform may offer
special appointment slots outside regular hours. Experiment instructors prepare equip-
ment in advance based on reservations to maximize laboratory resource utilization.
Non-planned students can apply for temporary accounts to complete required assess-
ments and basic operations before reserving available slots for planned experiments.

(3) Experimental Process: Scanning for Machine Start and End, On-Site Scoring,
Photographing Experimental Phenomena, Data Upload, and Analysis.

Students enter the laboratory at their reserved time and scan to start the experiment.
Basic operational points are assigned, and instructors assess and adjust scores based on
performance. Students must photograph and upload experimental connections, meas-
urements, waveform diagrams, and phenomena. These records are available for later
review if needed. After completing the experiment, the system saves a complete record
of the experimental process upon scanning out.
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(4) Experiment Feedback: Report Grading and Teaching Evaluation Feedback.
a) Report Grading System: This system includes automatic and manual grading com-

ponents. The automatic grading system processes data and provides weighted scores
and error statistics. After grading, both the system and the instructor can release grades
and feedback.

b) Teaching Evaluation Feedback: Students can provide insights into teaching, con-
tent, and processes. They complete evaluations based on a question bank and submit
them to platform administrators, promoting reforms in teaching methods and content
optimization.

(5) Open Q&A Platform: Considering the varied personalities of students, class-
room questions are limited, and online group inquiries, while immediate, are often cha-
otic and difficult to reference. An open Q&A platform accessible throughout the exper-
imental period addresses these issues, allowing teachers to highlight valuable or fre-
quently asked questions. Students can search for previously answered questions using
keywords as needed.

3.2 Construction of the Digital Teaching Platform

Currently, the open platform used in the laboratory provides only pre-class materials,
pre-class assessment questions, and reservation systems, lacking process control, as-
sessment mechanisms, and evaluation feedback. To enhance the electrical engineering
experimental teaching system under engineering education accreditation, the develop-
ment of the "Digital Platform for Electrical Engineering Experiments" is crucial. This
platform consists of four interfaces: Administrator, Instructor, Student, and Laboratory,
as shown in Fig. 3.
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3.3 Optimization of Experimental Teaching Content and Resources

To meet the requirements of engineering education accreditation, it is essential to en-
hance teaching resources by improving textbooks, integrating experimental resources,
and optimizing experimental setups. The key components include:

(1) Experimental Teaching PPTs: Each experimental knowledge module should
have accompanying PPTs that explain experimental principles and operational consid-
erations. These PPTs are uploaded to the digital platform for student access.

(2) Experimental Teaching Videos: These should include general safety education
videos, basic operation guides for laboratory instruments, experimental operation vid-
eos, and virtual experiment videos. Instrument videos should cover basic usage and
troubleshooting, while operation videos should provide safety instructions for each ex-
periment.

(3) Pre-Class Assessment Question Bank and Project Database: A diverse ex-
perimental project database should be established, including innovative student exper-
iments. The database should include various parameters and corresponding answer sets
for grading purposes.

(4) Experimental Textbooks: Textbooks should break down experimental princi-
ples into modules, each corresponding to multiple experimental contents. They should
include both hands-on and virtual experiments to expand students' knowledge base.

(5) Laboratory Equipment Resources: This includes a comprehensive list of la-
boratory equipment and user manuals. Students can refer to these resources for design-
ing and conducting their innovative experiments.

4 Conclusion

In the context of engineering education accreditation, this project leverages existing
open experimental platforms to introduce process control mechanisms and evaluation
feedback systems, while also enriching and enhancing teaching resources. The ap-
proach aims to center on student needs, integrate theory with practice, and develop
foundational awareness, capability, and overall quality in experimental teaching. This
model emphasizes cultivating practical skills and fostering innovative thinking, striving
to create an experimental teaching system conducive to developing students' practical
abilities and creativity.

The study will target all first- and second-year students from the School of Automa-
tion and the School of Information Technology, as well as some non-electrical majors.
After practical validation, the experimental teaching system and platform will be ex-
panded to other departmental laboratories and eventually to other engineering institu-
tions. The successful implementation of this experimental teaching model is expected
to benefit all faculty and students, contributing significantly to the advancement of our
experimental teaching framework.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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