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Abstract. In the context of emerging engineering disciplines, this paper investi-
gates the teaching reform of the electrical and electronics course based on the
concept of outcome-based education (OBE) under the background of new engi-
neering. With the growing demand for applied engineering talent in industrial
automation and intelligent manufacturing, traditional teaching models are inef-
fective in improving students' practical skills and comprehensive qualities. To
address this, Huzhou College's Mechanical Design, Manufacturing, and Automa-
tion major introduced the OBE concept. By using online teaching platform, to
form a new model of teaching for the course, through project-based teaching,
students are encouraged to play the role of "engineers" and improve their ability
to solve practical engineering problems. Furthermore, the introduction of pro-
cess-based assessments provides a more comprehensive assessment of students'
learning outcomes and overall qualities. two years after the reform was imple-
mented, students' practical skills and comprehensive qualities have significantly
improved, their employment competitiveness has been enhanced, and their learn-
ing motivation has significantly increased. This paper summarizes the significant
achievements of the OBE-based course reform in improving students' compre-
hensive abilities and meeting the needs of modern industry and suggests that fur-
ther optimization of teaching methods and assessment approaches is possible.
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1 Introduction

1.1  Concept of new Engineering and OBE

In its notice announcing the launch of the first batch of new engineering research pro-
jects and practices, the Department of Higher Education of the Ministry of Education
summarized new engineering as encompassing new concepts in engineering education,
a new structure of disciplines and majors, a new model for talent cultivation, a new
quality of teaching and learning, and a new system of categorized development [l In
his article "The Connotation and Actions of New Engineering Construction," Zhong
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Denghua argues that the connotation of new engineering is guided by the principles of
cultivating morality and cultivating individuals, embracing change and shaping the fu-
ture, and cultivating diverse, innovative, and outstanding engineering talent through
inheritance and innovation, cross-disciplinary integration, and coordination and sharing
21, To sum up, the new engineering refers to the organic combination of new concepts,
new models, new methods and new content. The new concept means that we should
take moral education as the guidance, implement the innovation, coordination, green,
openness, sharing and comprehensive innovation of engineering education; the new
model means to build a new engineering education model, focusing on goal-oriented
integrated training, multidisciplinary cross-integration, and personalized training
model; the new method is to innovate engineering education methods and means under
the guidance of the new concept and according to the needs of the new model of engi-
neering education; the new content means to timely adopt advanced teaching and up-
date learning content[].

OBE (Outcomes-Based Education) is an outcomes-based educational philosophy. It
is one of the three fundamental principles of engineering education accreditation, fo-
cusing on the competencies students acquire because of their education . OBE advo-
cates an outcomes-oriented approach, with students as the primary and central focus. It
employs a reverse-thinking approach to curriculum development and builds a platform
for education. It involves setting learning outcome goals, developing pathways to
achieve these outcomes, and scientifically evaluating these outcomes. Therefore, within
the context of the new engineering discipline, ideological and political education in
courses and OBE align closely in concept and content, both embodying educational
philosophies focused on talent development.

1.2 The Environment of Teaching

Electrical and electronic engineering courses, as the foundational courses of the me-
chanical Design, Manufacturing, and Automation major, play an important role in the
curriculum system. They aim to provide students with systematic knowledge and skills
in electrical and electronic engineering, laying the foundation for subsequent automa-
tion-oriented courses. The course content comprehensively covers the basic concepts
and laws of circuit foundations and provides in-depth explanations of the analysis meth-
ods of DC and AC circuits, including node analysis, mesh analysis, and the methodol-
ogy of complex numbers and phasors. Design and analyze amplifier circuits, filters,
etc., and master the basic skills of analog signal processing. Digital electronic circuits
cover the design and analysis of logic gate circuits, combinational logic, and sequential
logic circuits, as well as the theory and practice of A/D and D/A conversion, to help
students understand the processing and control of digital signals.

In general, this course is not only dedicated to improving students' theoretical mas-
tery and practical operation ability in the field of electrical and electronic engineering,
but also focuses on cultivating students' teamwork spirit, innovative consciousness and
engineering ethics, ensuring that students can have strong competitiveness and com-
prehensive qualities in their future careers [,
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However, with China's rapid economic development, the demand for engineering
talent in industrial automation and intelligent manufacturing is growing exponentially
161, Students majoring in mechanical design, manufacturing, and automation need to
possess solid electrical engineering knowledge and practical skills. However, tradi-
tional teaching methods overemphasize theory and neglect practical application, often
leaving students struggling when faced with real-world engineering challenges. Fur-
thermore, society's expectations for talent extend beyond theoretical knowledge to in-
clude practical problem-solving skills, innovative thinking, and teamwork.

Against this backdrop, curriculum reform has become an inevitable choice. The in-
troduction of the Outcomes-Based Education (OBE) concept provides a theoretical
foundation and practical guidance for curriculum reform. Through OBE, the teaching
goal is no longer simply to impart knowledge, but to ensure that students achieve the
expected learning outcomes by the end of the course. This teaching reform method is
expected to improve students' practical skills and comprehensive literacy, thereby bet-
ter serving the needs of modern industry.

1.3 Analysis of Current Course Teaching Status

The electrical and electronics course is designed for sophomores majoring in mechan-
ical design, manufacturing, and automation at Huzhou College. These students are all
born after 2000 and have a strong interest in new knowledge and technologies. They
generally show a strong tendency towards engineering practice and career goal orien-
tation and have a good foundation for accepting project-driven teaching and OBE edu-
cation concepts. Students have a practical interest in electrical and electronic technol-
ogy, are willing to improve their abilities through competitions and projects and have
strong plasticity. At the same time, the school's teaching resources are constantly im-
proving, practical platforms are gradually being built, and school-enterprise coopera-
tion channels are unobstructed, providing solid support for curriculum reform and stu-
dent capacity building. After conducting a survey of students, it was found that they
still have the characteristics of " weak theoretical foundation, insufficient practical abil-
ity, and the need to improve independent learning ability ".

As a foundational course for mechanical engineering majors, "Electrical Engineer-
ing and Electronics" covers a wide range of topics, including circuit analysis, electro-
magnetic principles, semiconductor devices, digital and analog circuits, etc. However,
under the traditional teaching model, this course faces the following pain points:

1.3.1 The Course Content is Extensive and Complex.

The course covers electrical engineering and electronics, with a wide range of
knowledge and a long logical chain. Students often find it difficult to digest and absorb
the content due to the tight learning pace and dense knowledge points, resulting in a
lack of understanding and limited application, which in turn leads to a fear of difficulty
among students, affecting the teaching effect.
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1.3.2 The Teaching Model is Out of Touch with Actual Needs.

Currently, the practical teaching of "Electrical Engineering and Electronics" mainly
consists of two aspects: course experiments and course design. Course experiments are
mainly verification experiments for a certain knowledge point, while course design,
due to the short time and large project workload, leads to students' lack of engineering
project concepts in practice, lack of training in project development processes and man-
agement techniques, and ultimately limits students' ability to combine theory with prac-
tice. This ultimately leads to students' confusion about employment, that is, students do
not have a clear understanding of the specific content of the jobs after graduation, and
even misunderstandings, which reduces their subjective initiative in learning.

1.3.3 Lack of an Effective Evaluation System.

The main method of course assessment and evaluation is a closed-book exam at the
end of the semester, which is a single assessment method. For a course that focuses on
the foundation of automation and engineering practice, this assessment orientation ne-
glects the training of students' application capabilities and the examination of their per-
sonal moral qualities and cannot fully reflect the teaching objectives. Students cannot
analyze problems from a global perspective, and when encountering actual projects,
they often cannot quickly and effectively conceive and solve problems. This not only
reduces students' recognition of the course they have learned but also reduces their in-
terest in learning.

2 Ideas of the Course Reform

To effectively address the pain points in course teaching and enhance students' practical
skills and comprehensive literacy, this curriculum reform introduces the OBE concept.
Based on Bloom's taxonomy, the curriculum objectives are categorized into knowledge
objectives, ability objectives, and literacy objectives, each corresponding to the six di-
mensions of memory and understanding, application and analysis, and innovation and
evaluation [’). The new course objectives not only focus on students' mastery of theo-
retical knowledge, but also clarify the skills and literacy that students should possess
by the end of the course, including:

Knowledge objectives: students will be able to master the basic theories of electrical
engineering and electronics, including circuit analysis methods, working principles of
semiconductor devices, digital and analog circuit design, etc.

Ability objectives: through project design, students can independently complete the
design, construction and debugging of circuits, and master basic experimental skills
and engineering thinking.

Competency objectives: develop students' team spirit, innovative consciousness and
engineering ethics, and enhance their sense of responsibility and social responsibility
in engineering practice.
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3 Course Innovation Measures

Based on the above reform concepts, the research team reformed the curriculum from
multiple dimensions. The specific measures are as follows:

3.1 Reconstruction of Course Teaching Method based on Online
Platform

In the electrical and electronics curriculum reform, teachers have fully taken a leading
role, leveraging online teaching platforms called “chaoxing” to restructure the course
teaching method. This systematic approach organizes key knowledge points in a se-
quential order, from easy to difficult, forming a clear and logical chain of knowledge.
This systematic design not only helps students grasp the overall course framework but
also allows them to progress step by step and improve their knowledge over time, thus
avoiding the challenges of fragmented knowledge. Furthermore, the online platform
provides a wealth of resources that are difficult to fully showcase in the classroom,
including virtual experiments, cutting-edge industry cases, and competition materials.
This allows students to continue their learning after class and seamlessly integrate the-
ory with practice. Notably, the platform's Al assistant acts as a "second mentor," provid-
ing personalized answers and guidance based on students' learning progress and weak-
nesses, significantly enhancing the relevance and effectiveness of learning. Through
this reform, students no longer rely solely on classroom instruction. Instead, guided by
the knowledge chain constructed by teachers, they gradually develop habits of inde-
pendent exploration and deep reflection, truly achieving a shift from passive to active
learning. This online and offline integrated teaching model not only improves the teach-
ing effect of the course but also lays a solid foundation for students' future continuous
learning and innovation capabilities.

3.2 Integrate with College Student Competitions to Reform In-Class
Teaching

The overarching principle of using competition to promote learning, the course's in-
class teaching methods have been reformed. First, in terms of classroom design, tradi-
tional knowledge lectures are deeply integrated with project-based learning. Based on
the PBL (Project-Based Learning) method, typical tasks highly relevant to competitions
are transformed into small course projects, such as water level monitoring circuit design
and stepper motor drive circuit design. This strengthens students' ability to apply the
knowledge they have learned. Students are also encouraged to work in groups, which
not only strengthens their theoretical foundation but also enhances their teamwork,
problem-solving, and project management skills.

In terms of practical application, we focus on extending classroom learning to on-
and off-campus competitions and research practices. We encourage students to partic-
ipate in highly professionally relevant competitions such as the Siemens Smart Manu-
facturing Challenge and the Smart Car Competition, as well as various innovative and
entrepreneurial projects, enabling them to apply their knowledge in real-world
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situations. For example, the Smart Car Competition, which covers motor control, mi-
crocontroller programming, circuit design, and vehicle mechanical assembly, aligns
closely with the electrical and electronics curriculum and the training objectives of the
mechanical engineering major. It strengthens students' abilities in circuit analysis, sen-
sor application, and embedded control, helping them bridge the gap from fundamental
knowledge to engineering practice. Through this process, students gradually gain ex-
posure to the knowledge necessary for competitions, lowering the entry threshold and
enabling a gradual improvement in their skills. Finally, the advantage of a project-based
teaching approach is that students can assume the role of "engineer" during projects,
developing comprehensive skills and a spirit of innovation from problem analysis and
solution design to circuit construction and debugging and optimization.

3.3 Reform the Course Assessment and Evaluation Methods and
Introduce Process-Based Assessment

Based on the reform concept of comprehensive evaluation, a multi-dimensional evalu-
ation system has been established, integrating knowledge acquisition, ability enhance-
ment, and literacy improvement. This system integrates classroom project achieve-
ments, learning process performance, and competition results into process assessments.
The curriculum reform introduced process-based assessment. The proportion of each
score is shown in Figure 1, where:

The final grade (60%) mainly examines students' mastery of basic course
knowledge, focusing on achieving course knowledge objectives and ensuring that stu-
dents have basic electrical analysis capabilities.

Projects (20%) mainly examine students' completion of various projects in the
course, focusing on the achievement of course ability objectives. The main content in-
cludes electronic circuit design and assembly.

Experiments (10%) examine students' abilities in circuit construction, instrument
use, data processing and analysis, etc., with the focus on achieving course competency
objectives and strengthening students' hands-on practical skills.

The presentation (5%) examines students' performance in reporting on their respec-
tive projects, including the writing of report documents, the evaluation of team writing,
the presentation of reports, etc., mainly to improve students' communication and liter-
ature retrieval skills.

Competition (5%) examines students’ participation in subject competitions or inno-
vative entrepreneurial projects. Students who participate in competitions can get.

4 Course Reform Outcomes

The reform began in the fall semester of 2023 and has been completed for two academic
years. It has achieved remarkable results in students’ academic performance and overall
quality.

After the project's implementation, student academic performance has significantly
improved. Data shows that overall student achievement has improved compared to
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before the reform. The average class score increased from 62 to 77, a 24% increase.
The class failure rate has decreased from 15% to 3%. The excellent rate has increased,
with the percentage of students scoring above 90 points increasing from 3% before the
reform to 10%. Secondly, through project-based teaching methods and curriculum de-
sign, students are able to more skillfully apply electrical analysis methods to solve prac-
tical problems, demonstrating stronger hands-on skills and logical thinking in experi-
mental operations and course design.

At the same time, the comprehensive quality of students has also been improved,
especially in teamwork, innovative thinking and engineering ethics. The research team
conducted two questionnaire surveys before the reform began in 2023 and two years
after the reform in 2025.

Survey results of students' comprehensive ability improvements
95
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Fig. 1. Statistics of students’ ability indicators before and after the reform

Through process-based assessments, students' learning enthusiasm has significantly
improved. As shown in figure 1, instead of passively accepting theoretical knowledge,
students actively participate in course design and project implementation, gradually de-
veloping the ability and interest for independent learning. After the curriculum reform,
over 50% of mechanical engineering students have participated in various professional
competitions such as the Siemens Smart Manufacturing Challenge, the Smart Car Com-
petition, the Blue Bridge Cup, and the Robot Design Competition, and the number of
winners has increased year by year. This shows that students' interest in learning has
increased significantly, their enthusiasm for competition has increased significantly,
and they are willing to devote more time to project design.
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5 Conclusion

The electrical and electronics curriculum reform based on the OBE concept, has effec-
tively addressed the pain points of traditional teaching, helping students enhance their
practical skills and overall literacy alongside theoretical learning. By establishing
knowledge system using “chaoxing” teaching platform, breaking down course content,
introducing project-based teaching methods, and strengthening process-based assess-
ments, students' learning enthusiasm and overall abilities have been significantly en-
hanced. Going forward, curriculum reform will be further deepened, while maintaining
clear teaching objectives and continuously optimizing teaching methods and assess-
ment approaches to better meet society's demand for applied engineering talent.
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