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Abstract. The construction of emerging engineering disciplines has raised new
requirements for engineering education to align with industrial needs and culti-
vate innovative interdisciplinary talents. In response to the problems existing in
traditional MCU courses, such as emphasizing knowledge over competence,
theory over practice, and a single evaluation system, this paper constructs a
three-stage progressive teaching mode—basic competence — comprehensive
application — innovative practice—based on the concept of Outcome-Based
Education (OBE). By reversely designing course objectives, hierarchically im-
plementing teaching contents, and establishing a diversified evaluation system,
a trinity practice platform integrating virtual simulation + physical development
+ enterprise projects is developed. A dual quality assurance mechanism is
formed: an internal closed loop of course objective attainment analysis — con-
tinuous improvement and an external closed loop of enterprise feedback — cur-
riculum iteration. Practice shows that this mode effectively solves key problems
including the disconnection between teaching contents and industrial demands,
the lack of systematicness in practical links, and the weak correlation between
teaching evaluation and learning outcomes. Students’ engineering practice abil-
ity and innovative literacy have been significantly improved, providing a repli-
cable paradigm for curriculum reform under the background of engineering ed-
ucation accreditation.
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1 Introduction

With the advancement of China’s Education Modernization 2035, the state has ex-
plicitly proposed increasing the proportion of training applied, interdisciplinary, and
technical-skilled talents [1]. Against the background of the construction of emerging
engineering disciplines, enterprises’ demand for talents has shifted from knowledge
reserve to comprehensive literacy such as problem-solving, innovation, and collabo-
ration, which forces the reform of educational models [2].
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As a core cornerstone in embedded systems, the Internet of Things and other fields,
the teaching quality of microcontroller technology directly affects the development of
students’ engineering practice ability. However, traditional microcontroller courses
mostly follow a knowledge-imparting structure, with teaching contents centered on
classic models such as the 8051, focusing on one-way instillation of theoretical de-
tails. Experimental links are limited to verification cases using fixed experiment box-
es and prefabricated code templates, leaving students trapped in “process-oriented
operation without systematic thinking” [3].

Outcome-Based Education (OBE) emphasizes taking students’ learning outcomes
as the fundamental orientation and reconstructing the teaching system through reverse
design, which has become the core concept of international engineering education
accreditation [4]. Scholars at home and abroad have made remarkable progress in
integrating the OBE concept with engineering education.

Wang Xiaohong (2018) proposed applying the OBE concept to the reform of mi-
crocontroller courses and establishing a three-level teaching framework of “basic
experiment—project development—comprehensive innovation” [5]; Zhang Qiang et al.
(2020) found through empirical research that the three-stage progressive model of
“theoretical cognition—skill enhancement—engineering application” can improve stu-
dents’ project completion rate by 37.5% [6]; Zhou Ming et al. (Hangzhou Dianzi
University, 2023) adopted a “course group” model and developed a three-stage con-
nected project case base of “basic experiment—subject competition—enterprise pro-
ject”, raising students’ engineering accreditation attainment to 88.5% [7].

Internationally, Spady (1994) systematically elaborated the implementation path of
OBE: “defining outcomes—designing pathways—evaluating improvement” [8]; Prince
(2004) verified the enhancing effect of PBL (Project-Based Learning) on engineering
problem-solving ability [9]; Stanford University divided microcontroller teaching into
three stages: “circuit foundation—embedded programming—intelligent system design”
(Johnson, 2021) [10].

In summary, domestic and foreign studies have provided rich references for teach-
ing reform, but deficiencies still exist: few studies focus on the systematic design of
three-stage connection, insufficient integration of industrial standards, and lack of a
long-term tracking and evaluation mechanism.

On this basis, this paper takes the OBE concept as the core, constructs a
“three-stage progressive” teaching mode for microcontroller courses, and explores a
systematic teaching reform path through reverse design, hierarchical implementation,
diversified evaluation, and dual closed-loop quality assurance.

2 Problems Existing in Traditional MCU Teaching

2.1 Disconnection between Course Content and Industry Demand

The content of traditional single-chip microcomputer (MCU) courses usually stays at
the theoretical level, taking classic models such as 8051 as the main body, focusing
on the one-way instilling of theoretical details including chip architecture and assem-
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bly instructions, while lacking connection with cutting-edge technologies such as
intelligent hardware and the Internet of Things[11].

The teaching content fails to be updated in a timely manner and cannot keep pace
with the rapid development of MCU technology, resulting in students learning
knowledge that may be outdated or inapplicable.

When the industry is in urgent need of interdisciplinary talents who are proficient
in PCB design, embedded development and system optimization, the backwardness of
traditional teaching content has become a key bottleneck restricting the cultivation of
application-oriented talents.

2.2 Lack of Systematic Ability Cultivation Path in Practical Links

The practical links of traditional MCU courses are mostly dominated by confirmatory
experiments, using fixed experiment boxes and prefabricated code templates. Students
only operate according to procedures, lacking the cultivation of systematic design
ability.

The experimental content is relatively simple or repetitive, which cannot fully ex-
ercise students’ practical ability. The components purchased for course design are
usually fixed types, which can hardly meet the requirements of students’ innovative
ability cultivation[12].

The practical path is unclear, making it difficult to achieve progressive training
from basic skills to comprehensive abilities and then to innovative abilities.

2.3  Low Correlation between Teaching Evaluation and Learning
Outcomes

Traditional teaching evaluation mostly relies on final examinations, which
one-sidedly examine the memorization of fragmented knowledge points and lack
comprehensive assessment of students’ learning process, thus failing to reflect stu-
dents’ learning outcomes and ability improvement[13].

The single evaluation system dominated by written tests lacks dynamic evaluation
of engineering specifications, debugging ability and innovative thinking, further in-
tensifying the phenomenon of “high scores but low abilities”.

With a single evaluation dimension, it ignores collaborative innovation and prob-
lem troubleshooting efficiency, and is disconnected from actual demand, making it
difficult to conduct a comprehensive evaluation of students.

3 Design of the “Three-Stage Progressive” Teaching
Model Based on OBE
3.1 Design Concept and Framework

Based on the OBE concept, this course adopts a teaching closed loop of “reverse de-
sign — hierarchical implementation — diversified evaluation” to build a systematic
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cultivation path from theory to practice. In the reverse design stage, guided by indus-
trial needs, the abilities students should possess after graduation are defined, and
course objectives and teaching content are derived reversely. In the hierarchical im-
plementation stage, three teaching modules (basic, comprehensive and innovative) are
designed according to students’ learning abilities and interests. In the diversified
evaluation stage, process evaluation and summative evaluation are combined to mon-
itor learning progress in real time and optimize teaching strategies through feedback.

3.2  “Three-Stage Progressive” Curriculum System

The modular design of the curriculum system is divided into three levels (see Figure

1):

Innovation Practice A enrepnienth Product Level
Industrial Controllers, Smart
Hardware Development
Comprehensive Project Cases:
. . Smart Temperature Control System, [T S ystem Le \’Cl

Application Terminal

Basic .

. Knowledge Points: Chlp Level
C ap ab] lities GPIO Control, Timer Configuration, Interrupt System

Fig. 1. The modular design of the curriculum system

Basic Ability Level.

It focuses on core knowledge such as MCU hardware architecture, C language
programming and basic peripheral driver. Students’ basic skills are consolidated
through Proteus virtual simulation and case-based teaching. Experiments include LED
blinking, static/dynamic digital tubes, key input, timer timing, external interrupt and
serial communication, helping students master basic MCU operation and debugging
methods.

Comprehensive Application Level.

Driven by projects, typical industrial scenario experiments such as smart home
control, industrial sensor data acquisition and smart agriculture are designed. Students
are required to complete hardware construction, software debugging and system joint
debugging to cultivate engineering thinking and problem-solving abilities. Through
group cooperative learning and modular development kits, students practice system-
atic design and innovative thinking.
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Innovative Practice Level.

Real enterprise projects or electronic design competition topics are introduced. In-
novative design is carried out combined with cutting-edge technologies such as AloT
and edge computing, integrated with ideological and political elements including
craftsmanship spirit and social responsibility, to improve technical application and
teamwork abilities. By participating in real enterprise projects and school-enterprise
collaborative development, students deeply understand actual industrial needs and
technical challenges, and enhance engineering innovation ability.

3.3  “Trinity” Practical Platform

A trinity practical platform of “virtual simulation + physical development + enterprise
projects” is developed to form a complete practical path from virtual to physical and
from basic to innovative:

Virtual Simulation Platform: Online experimental tools such as Proteus and Keil
are used to simulate the MCU hardware environment, helping students complete basic
experiments and complex circuit design in a virtual environment, reducing experi-
mental cost and risk. Students can verify circuit functions and performance in ad-
vance, shortening debugging time on actual hardware.

Physical Development Platform: Real MCU development boards and sensor kits
are provided to support hardware debugging and program optimization, strengthening
hands-on ability. The basic level is equipped with 35 sets of industrial-grade mul-
ti-functional MCU experiment boxes (supporting 8051/STM32/PIC multi-architecture
expansion); the development level deploys 15 sets of full-stack smart hardware de-
velopment systems (integrated with ARM Cortex-M4 core and FPGA programmable
logic units).

Enterprise Project Platform: Practical engineering projects are introduced through
school-enterprise cooperation, enabling students to apply knowledge in real scenarios
and cultivate abilities to solve practical problems. The IoT layer builds a 20-node
industrial IoT sandbox system for scenario-based project training such as intelligent
warehousing and digital twin; the computing layer is equipped with 45
high-performance engineering workstations to form a virtual-real integrated digital
engineering development environment.

4 Teaching Implementation Path

4.1 Reverse Design Method: Reconstruction of Course Objectives
Based on Post Competence Requirements

Centered on the post competence demand matrix, the abilities students should possess
after graduation are clarified from the end point, and course objectives and content are
reversely derived. Through in-depth industrial research, industry competence re-
quirements for MCU-related positions are collected to form a post competence de-
mand matrix. Based on these requirements, a three-dimensional course objective of
“knowledge — ability — quality” is reconstructed, as shown in Figure 2.
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Achievement

Analysis : Industry Research:
Generate Course Determine Job
Quality Report Competencies

Breakdown of
Implement Multiple Graduation
Evaluations:Process Requirements:Form
Evaluation/Theory/ ulate 12 Course
Practice/Innovation Objectives

Design Teaching
Modules:Match
Virtual Simulations/
Project Cases/
Enterprise Projects

Fig. 2. OBE Reverse Design Closed-Loop Flowchart

Knowledge Objective: Master MCU functional architecture, working principle, in-
struction set, assembly language programming, and MCU system expansion and in-
terface technologies.

Ability Objective: Be proficient in programming with C51 or assembly language;
master the writing and debugging of MCU 1/O control programs; be able to write
interrupt service routines and initialize and apply timers/counters; independently
complete peripheral circuit construction, program downloading and debugging.

Quality Objective: Cultivate engineering practical ability, innovative thinking,
teamwork spirit and autonomous learning awareness; establish craftsmanship spirit
and social responsibility.

4.2  Hierarchical Teaching Method: Three-Stage Progressive Ability
Cultivation

Hierarchical teaching is adopted, dividing teaching into three levels: basic, compre-
hensive and innovative(see Figure 3):

Level 1: Basic Level — Modular Experiments (Proteus Simulation + Basic Devel-
opment Board)

Students systematically learn principles and programming of MCU resources in-
cluding I/O ports, timers, interrupts and communication protocols. Virtual experi-
ments are conducted via Proteus to gradually master operation and debugging skills.
Teaching mainly uses lectures and demonstrations to lay a solid theoretical founda-
tion. A special evaluation scale is provided at each stage to ensure mastery of basic
knowledge.
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Level 2: Comprehensive Level — Project-Driven Teaching (Typical Projects such
as Smart Home Control System)

Teaching focuses on systematic design ability and integrated application of
knowledge. Through project-driven learning with modular kits, students practice
practical and innovative abilities. Group cooperative learning is adopted to enhance
understanding of comprehensive MCU applications. Smart agriculture and smart
home projects help students grasp interface technologies between sensors and MCUs.

Level 3: Innovative Level — School-Enterprise Collaborative Development (Align-
ing with Real Enterprise Needs)

Teaching aims to cultivate engineering innovation ability. By participating in real
enterprise projects and collaborative development, students understand industrial
needs and challenges and propose innovative solutions. Case analysis and appren-
ticeship teaching are used to help students master engineering application and innova-
tion skills. Evaluation emphasizes innovation and practical achievements.

Teaching Methods Teaching Stages Practice Platform
(Tailored Teaching) (Three-Phase Progression) (Trinity Integration)
School-Enterprise 3.Innovation Level
;‘;"'il’;‘"m“‘;;: Enterprise Project Platform
Lo oo opment ~ . ) Real-World Requirements Engineering
S Requirements Analysis " Technical Documentation e ey
Eru1E Solution Optimization T EEn
Dual Tutoring System - A——
Product-Level Delivery
2.Comprehensive Level
Project-Driven Teaching Physical Development
Typical Project Cases Module Integration and Platform System Design
Cross-Module Integration —| E i L > Modular Assembly - Capability
Documentation Protocol Design Industrial-Grade Interfaces
Standardization Fault Diagnosis Multi-MCU Compatibility
Modular Experimental 1.Basic Level T
Teaching :
4 P Platform Hardware Debugging
R _J—> e S ] Circuit Simulation Capability
Packages Register > |

Signal Injection
Power Consumption
Analysis

Virtual Simulation First Interface Programming
Skill Decomposition
Training

Fig. 3. Implementation Path of Layered Teaching

4.3 Diversified Evaluation Method: Assessment System Combining
Process and Results

A diversified evaluation system is constructed: “process evaluation (10%) + basic
theoretical examination (50%) + project practical assessment (40%) + innovation
bonus points”.

Process Evaluation (10%): Covers attendance, homework completion, classroom
performance and experiment completion, assessing basic knowledge mastery and
learning attitude.

Basic Theoretical Examination (50%): Closed-book written test covering MCU
principles, instruction set, architecture, peripheral interfaces and programming meth-
ods, including multiple-choice, fill-in-the-blank, short-answer and comprehensive
questions.
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Project Practical Assessment (40%): Requires students to apply theory to practice
and deliver project outcomes. Project defense evaluates practical operation, design,
problem-solving, expression and teamwork abilities.

Innovation Bonus Points: Awarded for innovative project proposals, excellent
teamwork and problem-solving, encouraging exploration and innovation.

4.4  “Double Closed-Loop” Quality Assurance Mechanism(See Figure4)

A dual quality assurance mechanism is established: internal closed loop “course ob-
jective attainment analysis — continuous improvement” and external closed loop
“enterprise feedback — curriculum iteration” :

Internal Closed Loop: Measures learning outcomes from theoretical mastery, prac-
tical skills and innovative thinking. The diversified evaluation system comprehen-
sively assesses objective attainment. Weaknesses are analyzed, and teaching syllabus,
methods, faculty and resources are adjusted accordingly. Student feedback is collect-
ed for continuous improvement.

External Closed Loop: Cooperation with enterprises is established; enterprise ex-
perts participate in curriculum design and evaluation. Students are arranged for in-
ternships and project cooperation. Enterprise feedback on graduates’ MCU skills is
collected via questionnaires and interviews. Curriculum content is adjusted based on
project acceptance, and enterprise cases are integrated to deepen industry-education
integration.

Teaching Industry

Course Objective
Achievement Analysis

Enterprise Project
Acceptance Feedback

Industry Technology

Syllabus Revision Trend Report

Annual Course o

Quality Report

Teaching Method
Optimization

Practice Project
Library Update

New Round of Course
Implementation

School-Enterprise Joint
Teaching Research

Fig. 4. Double closed-loop quality assurance mechanism diagram

5 Practical Effects and Case Analysis

5.1 Achievements in Teaching Resource Construction

Based on the “Three-Stage Progressive” model, a complete teaching resource package
has been developed, including:

10 micro-lecture videos covering basic MCU theory, simulation operation and
project development;

More than 20 project cases including basic experiments, comprehensive projects
and real enterprise projects;
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Supporting experiment guides and project task sheets clarifying learning objectives
and evaluation standards.

5.2 Project Case: Smart Home Control System Design

Taking the smart home control system project at the comprehensive level as an exam-
ple, students complete development in groups of 3-5. Based on STM32 MCU, the
system integrates temperature/humidity, smoke, human infrared sensors, OLED dis-
play and WiFi module to realize environment monitoring, security alarm and remote
control.

Project Implementation Process: Requirement Analysis: Investigate the smart
home market and define system functions and technical indicators;

Hardware Design:

Build STM32 minimum system, design sensor interface and power supply mod-
ules;

Software Design:

Program sensor data acquisition, LCD display and WiFi communication for cloud
platform uploading;

System Integration and Testing: Conduct software-hardware joint debugging and
test stability and reliability;

Project Defense:

Present achievements and answer questions from teachers and peers.

Project Effect:

Students master STM32 peripheral configuration, sensor driver programming and
WiFi communication protocols, and enhance systematic design and engineering prac-
tice abilities. They report deeper understanding of MCU knowledge and significantly
improved practical problem-solving abilities.

5.3 Reform Effect Evaluation

Comparison between two student cohorts before and after reform shows significant
effects:

Student Ability Improvement:

Students systematically master MCU principles, development and application, with
advanced capabilities from simple programming to complex system design. Practical
operation is greatly enhanced, and project completion rate increases by more than
35%.

Course Objective Attainment:

Attainment rates in knowledge, practice and innovation all exceed 85%, an in-
crease of 15 percentage points.

Student Feedback:

Course satisfaction reaches 92%. Students recognize the clear learning path, stim-
ulated interest from project-driven teaching and improved employability via the en-
terprise project platform.
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6 Conclusion

Based on the OBE concept, this paper constructs a “Three-Stage Progressive” teach-
ing model for MCU courses. It reversely designs course objectives, implements hier-
archical teaching, establishes a diversified evaluation system, develops a trinity prac-
tical platform and forms a double closed-loop quality assurance mechanism. Practice
shows that this model effectively solves key problems in traditional teaching: discon-
nection between content and industry, unsystematic practice and low evalua-
tion-outcome correlation, significantly improving students’ engineering practice and
innovative literacy.

Featuring “teaching determined by industrial demand”, the model realizes progres-
sive ability improvement from chip-level to system-level and product-level, enabling
students to advance from basic skills to systematic design and engineering innovation,
ultimately achieving the transformation from knowledge to practice. Further teaching
reform will be carried out to explore more effective methods and improve the
long-term tracking evaluation mechanism, contributing to the cultivation of
high-quality talents for emerging engineering education.
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