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Abstract. The microcontroller course is a vital application-oriented undergradu-
ate course. This paper uses employment in the microcontroller industry as an
entry point to systematically research and analyze key issues in the microcontrol-
ler course, including course challenges, learning needs, research integration, and
employment outcomes. It proposes an application-oriented talent cultivation ap-
proach that leverages scientific achievements to drive the reform of the STM32
microcontroller experiment course. This approach focuses on overcoming the
content limitations of current experimental classes by incorporating the latest sci-
entific achievements into teaching, ensuring that the course remains advanced
and practical. It extends the depth and breadth of experimental course design,
effectively aligning the microcontroller course with the current job market, and
ultimately achieving the goal of cultivating application-oriented undergraduate
education and teaching talents.
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1 Introduction

The microcontroller course ['?! is a foundational and critical professional course and it
is a highly integrative, application-oriented course [*! with strong engineering practice
and high relevance to employment positions ™), serving as a bridge for students after
learning C language, analog electronic circuits, and digital electronic circuits.

With the development of the artificial intelligence industry, the application scope
of microcontrollers is steadily expanding>®. Consequently, the job market's skill
requirements for undergraduates in related fields are increasing, making course re-
form essential. Currently, the demand for products based on microcontroller technol-
ogy remains strong, and microcontroller research and development have become an
indispensable branch of product development for technology companies. It is a major
employment direction for students in majors such as electronic information, commu-
nication engineering, electrical engineering, automation, and mechatronics.

The teaching goal of the undergraduate microcontroller course is to enable students
to become familiar with the core theories of microcontroller systems and develop the
ability to independently build microcontroller applications. However, the current mi-
crocontroller lab course design hardly meets market demands. To solve these issues,
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Zhang et al.”’! proposed a microcontroller lab reform and taken “Design of an elec-
tronic cipher lock” as an example to explain the new teaching methods. Literature [8]
discussed the students’ innovation ability based on MCU. Literature [9] analyzed the
course design for engineering education innovation. Geng et al.'" designed a task-
driven teaching method, however, it uses the 8051 microcontroller and is not aligned
with the current market trends. This paper designs a teaching reform for the practical
STM32 microcontroller experiment course driven by scientific achievements. Its pur-
pose is to train students to have a solid theoretical foundation, strong practical skills,
and comprehensive system engineering analysis and application capabilities.

1.1  Background of the Reform

To gain a deeper understanding of the current job market's demand for microcontrol-
ler technology, we conducted a survey of companies that have recruited on campus
over the past two years. This survey aimed to thoroughly comprehend the skills these
companies seek in candidates, thereby providing valuable insights for our curriculum
reform. Fig.1 outlines the basic demands for microcontroller technology as specified
by recruiting companies.
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Fig. 1. The basic demands for microcontroller technology as specified by recruiting companies.

As shown in Fig.1, microcontroller design, smart hardware development, and em-
bedded software development have become the mainstream demands for most recruit-
ing companies. However, the traditional microcontroller courses, which primarily
focus on theoretical lectures supplemented by simple basic experiments, clearly fail to
meet the demands of the job market. The market demand for professionals skilled in
practical operations and innovation in microcontroller technology is increasing. Using
development boards for basic validation experiments with dispersed functions cannot
meet the training needs of application-oriented undergraduate education. In the face
of fierce competition in the job market, students urgently need the microcontroller
course to seamlessly connect with the job market, extend the depth and breadth of
course design, and integrate with scientific research achievements or projects. This
paper aims to comprehensively enhance students' abilities in research innovation and
project development. Its goals are to encourage students to take initiative in their
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learning and improve their learning efficiency, and broaden the depth and breadth of
teaching, reform the curriculum to meet job market demands, and align classroom
instruction with cutting-edge academic research. and leverage the teaching process to
cultivate students' professional qualities while ensuring the course remains advanced
and practical.

1.2  The Reform Plan

Curriculum Design.

Develop a new type of classroom driven by the integration of industry and educa-
tion, science and education, as well as innovation and entrepreneurship. As shown in
Fig.2, in the microcontroller course, the integrated teaching of theory and practice
gradually progresses from simple to complex, with the 16-hour lab sessions structured
into foundational tasks, extended tasks, and comprehensive tasks.
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Fig. 2. Curriculum design for Reform Plan.

For the foundational tasks, by implementing pre-class discussions, students can ad-
dress gaps in background knowledge and overcome initial difficulties outside the
classroom. The course design for the foundational tasks (4 hours) aims to help stu-
dents grasp the basic principles and functions of microcontrollers, thereby preventing
feelings of intimidation. This approach also fosters students' self-assurance and confi-
dence to a certain extent. In the extended tasks phase, platforms such as smart cars
and intelligent drones can be used for course practice. Guided by specific tasks, stu-
dents can implement multifunctional system integrations. The primary teaching objec-
tive is to deepen students' understanding of the fundamental principles and basic func-
tions learned in class while enhancing their ability to analyze practical functional
tasks and design systems. This allows students to directly engage with the teacher's
cutting-edge academic achievements and projects during class. This approach not
only extends the depth and breadth of the current microcontroller lab course design
but also provides students with opportunities to encounter advanced academic re-
search and projects. Such exposure is more conducive to stimulating students' enthu-
siasm for learning and their proactive exploration of knowledge.
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Comprehensive tasks assess students' ability to apply microcontrollers in a holistic
manner, with a focus on cultivating their independent innovation -capabilities.
Through comprehensive task training, students can genuinely engage in doing, learn-
ing, and thinking, thereby enhancing their initiative, fostering innovative thinking,
and further promoting the development of applied talents.

Create a Comprehensive Learning Process.

The comprehensive learning process includes pre-class discussions, in-class prac-
tice, and post-class summaries, as shown in Fig.3. Before the class, teachers analyze
student performance and prepare their lessons. Students independently schedule and
complete their pre-class preparation and share their perspectives in the discussion
forum. This approach effectively enhances students' proactive learning interest and
creative initiative.

Teacher Start Student

v' Student performance analysis ® Online learning
v Teacher's lesson preparation : .|, ® Group discussion

Pre-class di . .
v’ Resource recommendations re-class discussion | ® Feedback on difficult points

v' Theory explanation ® Knowledge acquisition

v Fault analysis Pre-class discussion | ® Hands-on practice
v" Task summary ® Summary of gains
v'Review of difficult points Pre-class di . ) ® Identify and address gaps
v'Frontier expansion re-class discussion ® Extend learning
v'Resource recommendations ©® Communicate and interact
Finish

Fig. 3. Comprehensive learning process for Reform Plan.

In the classroom, the instructor provides targeted explanations of key concepts and
conducts systematic analyses and demonstrations of essential practical projects. They
design reasonable and effective teaching tasks, emphasizing the coherence and com-
pleteness of these tasks. Interactive classroom activities such as discussions, quick-
response sessions, and Q&A should be appropriately incorporated to enhance student
participation and learning efficiency. Through theoretical study and hands-on prac-
tice, students understand and master knowledge within specific project tasks, effec-
tively combining cognitive and manual efforts. The process of developing independ-
ent software and hardware projects fosters students’ healthy professional qualities and
proactive innovation awareness.

After class, teachers leverage online learning platforms such as Learning Pass and
Rain Classroom to integrate cutting-edge technology into the curriculum. By recom-
mending additional resources, they extend the depth and breadth of the course.
Through interactive discussions, students identify and fill knowledge gaps, actively
engaging with advanced academic research and its practical applications. This ap-
proach stimulates their enthusiasm for learning and fosters a proactive attitude to-
wards innovation.
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Develop a Triad Assessment and Evaluation Plan.

The triad assessment and evaluation plan include teacher's main evaluation, student
self-evaluation, and peer group evaluation. Currently, most universities assess micro-
controller lab courses using traditional methods, where teachers record students' class-
room performance and grade their lab reports to evaluate their overall performance.
This approach completely overlooks students' perspectives on the lab projects, there-
by missing the crucial role of students in the evaluation process. To address this issue,
a comprehensive triad assessment plan should be developed, incorporating teacher
evaluations (T), student self-assessments (SS), and peer group evaluations (PG). The
course evaluation formula is as follows:

Course Score =T x50%+SS x20%+PG x30% (1)

As shown in (1), teachers can thoroughly assess students' practical skills on target-
ed lab projects. Therefore, the assessment includes teacher evaluations, which account
for 50% of the student's total lab grade. Students move beyond the traditional single
role of being tested and take on dual roles as both evaluators and participants. Student
self-assessments contribute 20% of the lab grade, while peer group evaluations ac-
count for 30%. Students actively compare their work with that of other groups, gain-
ing a clear understanding of their strengths and weaknesses, which enhances their
learning enthusiasm and class participation.

1.3  Expected Outcomes and Promotion Value

This paper delves into the integration of cutting-edge research achievements by facul-
ty into microcontroller lab courses, aiming to enhance application-oriented under-
graduate education. Incorporating new technologies and knowledge, such as big data,
large models, and artificial intelligence, into microcomputer and microcontroller prin-
ciples lab courses allows us to create a comprehensive theoretical and practical cur-
riculum system that encompasses “classroom teaching-lab courses-innovation and
entrepreneurship”. Fig.4 gives the course reform results where the total number of
surveyed students is 70. The student satisfaction scores is the weighted average of
student satisfaction throughout the entire evaluation process, including course design
satisfaction (CDS), experiment satisfaction (ES), self-improvement satisfaction (SIS)
and course teacher satisfaction (CTS), which is defined as:

Student satisfaction scores = CDSx 40%+ES x 30%+SISx15%+CTS x15% 2)

In the Fig.4, after the course reform, most students are quite satisfied with the
course, achieving the expected objectives. This paper aims to create a tri-integrated
experimental classroom that bridges “science and education”, “industry and educa-
tion” and “learning and application”. By summarizing and enhancing the teaching
experiences of experimental courses, it establishes an open, efficient, and market-
responsive teaching and research mechanism. Integrating teachers’ cutting-edge aca-
demic research with the experimental courses on microcomputer and microcontroller

principles reforms the practical teaching approach. This enhances innovation in prac-
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tical teaching, significantly improving students’ innovative application abilities while
simultaneously promoting the professional growth of the instructors.
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Fig. 4. The Course Reform Results Char.

2 Conclusion

To address the significant disconnect between current STM32 microcontroller course
design and the job market, this paper proposes a method for integrating cutting-edge
research achievements of teachers with microcontroller lab courses to cultivate appli-
cation-oriented professionals. By leveraging the strong engineering practice focus and
high job relevance of microcontroller courses, this study systematically analyzes and
addresses key issues such as course difficulties, learning requirements, research inte-
gration, and employment outcomes. Specific teaching reform solutions are provided.
The successful implementation will help microcontroller courses overcome existing
limitations, extend their depth and breadth, and achieve effective alignment with the
current job market.
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