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Abstract. With the rapid rise of emerging engineering fields such as artificial
intelligence and big data, traditional computer engineering education faces sig-
nificant challenges in cultivating students' ability to solve complex engineering
problems. Guided by emerging engineering education (3E) principles, this study
developed a hierarchical practice teaching system validated through a decade of
implementation at Huazhong Agricultural University. By deconstructing com-
plex engineering problems, the system cultivates students' core competencies in
cross-domain integration and iterative optimization. The framework integrates
course experiments, project-based curricula, industry-academia-research collab-
oration, and innovation incubation. Its technical innovations include modular in-
tegration strategies to embed emerging engineering principles into experimental
designs (e.g., agriculture-oriented Al projects), dynamic feedback mechanisms
for system optimization based on continuous industry evaluations and graduate
competency tracking, and an information management platform to support per-
sonalized learning. The system's effectiveness is evidenced by increased industry
recognition, a doubling of graduate employment rates in agricultural technology,
a 215% growth in disciplinary competition awards, and successful replication
after customization at three industry-focused universities, demonstrating its scal-
able adaptability. This research provides a paradigm for aligning discipline-spe-
cific practical education with the demands of intelligent industrial transfor-
mation.
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1 Introduction

The strategy for innovation-driven development has raised the bar for engineering tal-
ent, and “Emerging Engineering Education” is the education sector’s strategic response.
This initiative is particularly crucial in the field of engineering education, aiming to
revolutionize traditional practices. Its significance lies in its ability to foster innovative
and adaptable talents for the future, and to address the rapidly evolving social needs
and technological challenges. As a core discipline, computer science plays a pivotal
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role in this initiative, providing crucial support for interdisciplinary integration, intelli-
gent applications, and digital transformation. It also lays a robust technical foundation
for cultivating “Emerging Engineering Education” talents. The computer science train-
ing program, therefore, should emphasize interdisciplinary collaboration, the cultiva-
tion of innovative capabilities, and practical applications to produce top-tier, versatile
talents for future technological development.

Practice teaching is an essential component in enhancing students’ innovation and
problem-solving abilities in the realm of computer science. However, many domestic
universities need more practice teaching due to entrenched traditional thinking, result-
ing in many students falling short of the requirements of modern engineering education
[1]. Thus, it is crucial to overhaul practice teaching in accordance with the demands of
“Emerging Engineering Education”. The challenges in practice teaching within the
framework of “Emerging Engineering Education” are as follows. First, inaccurate po-
sitioning of goals in practice teaching may lead to viewing it as a mere demonstration
of theoretical courses, disregarding the engineering characteristics of computer science,
or unthinkingly following approaches of prestigious international schools without con-
sidering national development strategies. Second, the limited integration of practical
content often targets specific courses or chapters with low coverage and needs inte-
grated design. Third, one of the key challenges in computer science education is the
need for more interdisciplinary collaboration. This issue often leads to the oversight of
the role of computer technology in enhancing other disciplines. It also neglects the ne-
cessity of establishing interdisciplinary education in student cultivation. Another sig-
nificant challenge in computer science education is the shallow collaborative education
between industry and academia. This collaboration is crucial for promoting the integra-
tion of science and education, industry, and academia.

Huazhong Agricultural University, a key university under the Ministry of Education
with agriculture as its characteristic, has tailored the curriculum, experiments, compre-
hensive curriculum design, professional internships, graduation projects, and extracur-
ricular technological innovation of the computer science and technology major to meet
the needs of engineering education and the characteristics of the school. This approach
has allowed for the integration of “Emerging Engineering Education” concepts into
various aspects of practice teaching.

2 Top-level Design of Practice Teaching

The top-level design of the practice teaching system establishes a comprehensive
framework to address student capability development, subject advancement, and indus-
try requirements through systematic and holistic planning. This design encompasses
various aspects, such as integrating theory and practice, aligning teaching content with
industry needs, and embracing innovation and technological advancements. It ad-
dresses two primary questions: what capabilities students should develop and how to
cultivate these capabilities.
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2.1  Emphasis on Complex Engineering Problems

The capability to solve complex engineering problems is considered a fundamental
competence. Focusing undergraduate teaching on the resolution of complex engineer-
ing problems aligns with the principles of engineering education. It meets the current
practical requirements of “Emerging Engineering Education”. Complex engineering
problems necessitate the application of in-depth engineering principles and the consid-
eration of multiple aspects of technology, engineering, and other factors, which may
exhibit conflicting characteristics [2]. These problems require the abstract models and
reflect the need for creativity in the modeling process. It is imperative to integrate these
elements into various facets of the practice teaching system.

2.2 Implementation of the “Emerging Engineering Education”

In order to foster students’ capacity to solve complex engineering problems, it is crucial
to provide them with the requisite knowledge and depth of understanding. Graduates
should be adept at analyzing, designing, and considering pertinent ethical, moral, legal,
and social factors. To accomplish this objective and address the requirements of
“Emerging Engineering Education” construction, the practice teaching system incorpo-
rates the following concepts:

1) Emphasis on complex engineering problems and the cultivation of “Emerging
Engineering Education” talents.

2) Deepening industry-education and school-enterprise cooperation.

3) Strengthening interdisciplinary integration and infusing traditional industries with
information technology.

4) Targeting cutting-edge technologies and bolstering the international competitive-
ness of engineering education.

5) Respecting students’ interests and nurturing them in diverse ways. Guided by the
training objectives and informed by preliminary work, a practice teaching system has
been devised (Figure 1).
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Fig. 1. Practice Teaching System under the “Emerging Engineering Education”
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3 The Design of Practice Teaching Content

3.1 Establishing the Concept of “Emerging Engineering Education” in Course
Experiments

The “Emerging Engineering Education” concepts is a gradual process that integrates
engineering education with modern industrial demands, technological development
trends, and the cultivation of innovation capability. This process is achieved by updat-
ing the teaching content, methods, and objectives of course experiments. In the imple-
mentation process, the principle of learning in stages and content hierarchy is followed.
We emphasize the cultivation of interests in lower grades and deepening and improving
in higher grades. Validation experiments and comprehensive experiments are imple-
mented in stages and levels. Students study introductory courses and required courses
in their first and second year of undergraduate studies, mastering fundamental
knowledge of arts and sciences, professional knowledge, and basic skills [3]. The plan
includes courses on "Academic Standards" and "Law Fundamentals" to enable students
to establish engineering ethics concepts emphasized by the “Emerging Engineering Ed-
ucation”. Enriching teaching resources and implementing “Emerging Engineering Ed-
ucation” into curriculum content and teaching processes aim to solve the “establishing”
of “Emerging Engineering Education” concepts. Although traditional teaching incor-
porates the ideas of “Emerging Engineering Education”, the courses are discrete and
disconnected from each other. After integrating, supplementing, and selecting scattered
modules, they are consolidated into an organic whole, establishing the “Emerging En-
gineering Education” concept from the perspective of systems engineering rather than
individual courses.

3.2 Implementing “Emerging Engineering Education” Elements in
Comprehensive Training Program

The comprehensive training program integrates interdisciplinary knowledge, practical
projects, innovation, and teamwork to facilitate the convergence of academic learning
and real-world applications. In the initial and subsequent years of their undergraduate
studies, students have acquired foundational knowledge and skills in their respective
disciplines and begun grasping the concept of “Emerging Engineering Education”. This
process lays the groundwork for comprehensive course training to enhance their ability
to solve complex engineering problems and foster innovation. The comprehensive cur-
riculum design platform comprises multiple courses to support this objective. For com-
puter majors, the comprehensive curriculum design platform is categorized into hard-
ware capability enhancement, software capability enhancement, and comprehensive
design capability enhancement. In the context of “Emerging Engineering Education”,
it is imperative for computer industry professionals to possess hardware design, soft-
ware design, and comprehensive development capabilities. Therefore, the integrated
curriculum design platform utilizes projects to encourage students to apply theoretical
knowledge to practical scenarios, master the design methods of large-scale software
and conventional hardware circuits, and develop the ability to conduct comprehensive
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software and hardware design and joint debugging. This approach gradually enhances
the students’ ability to solve complex engineering problems during the system design
process, thereby meeting the requirements for cultivating “Emerging Engineering Ed-
ucation” talents.

3.3  The Integration with Traditional Disciplines and Industries

The convergence of traditional disciplines and industries seeks to address the new chal-
lenges arising from technological advancements and industrial evolution. The develop-
ment of “Emerging Engineering Education” places particular emphasis on cross-disci-
plinary integration with other fields, leveraging information technology to enhance tra-
ditional industries. Our major offers research topics and engineering cases with school-
specific characteristics in comprehensive course design, scientific research training,
and graduation design. The traditional teaching system of computer science has histor-
ically focused on organizing theoretical and experimental teaching content around
“knowledge points”, which has resulted in a lack of systematic and innovative experi-
mental projects, making it challenging to cultivate a systematic view and improve the
ability to solve complex engineering problems. To address this issue, the concept of
“Emerging Engineering Education” integrates real scientific research topics or the ap-
plication of agricultural information engineering into teaching practices. Each academic
year, 10-15 questions are designed for practical training, combining core knowledge
points with carefully designed practical projects to help students master core knowledge
points and develop the skills to solve complex engineering problems.

3.4  Practical Courses Support Teaching Objectives

The computer science major’s practice teaching system at Huazhong Agricultural Uni-
versity comprises four levels, each incorporating multiple course experiments to sup-
port teaching objectives centered on the ability to address complex engineering prob-
lems [4]. Each experimental course consists of three types of experiments: verification,
comprehensive, and innovative, as detailed in Table 1.

Table 1. Practical courses in computer science major

Levels Experiment types Teaching objectives Experimental courses
Introduction to computer science;
T Program design Programming capabilities; Programming language;
evel-
course experiment | Algorithm design capability Data structure;
Algorithm analysis and design
Program implementation capability; | Operating system design;
Software course . . ; o o .
. System analysis and design capabil- | Compilation principles experiment;
experiment o . .
ities Database principles experiment
Level-2 . - B
. . . Digital logic design;
Hardware course System analysis and design capabil- . L
. o Principles of computer organization;
experiment ities;
Embedded system
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Integration capability of software

and hardware

Software develop-

System analysis and design capabil-
ities;

Programming and implementation

Software engineering experiment;

Deep learning experiment;

Level-3 | ment comprehen- . L .
. . capabilities; Digital image processing
s1ve experiment L . . L K
The application capability of mod- Machine learning in agriculture
ern development tools
Natural language processing experi-
Computer appli- System analysis and design capabil- | ment;
cation compre- ities; Network storage technology;
Level-4

hensive experi- System development capability; Agricultural and biological big data

ment Teamwork capabilities analysis

Artificial intelligence+ Agriculture

4 Collaboratiion of Theory and Practice Teaching

In computer science, the collaborative cultivation of theory and practice teaching is
crucial for promoting students’ comprehensive abilities. By effectively combining the-
ory with experiments, students are able to master practical operational skills and the
ability to solve complex problems while understanding basic concepts. The following
are the key strategies for collaborative education between theory and practice teaching.

4.1 Combining basic Theory with Programming Practice

Understanding theoretical computer science concepts, such as algorithms, data struc-
tures, and operating systems, often requires practical programming experience. For in-
stance, when teaching sorting algorithms, instructors assign programming tasks to stu-
dents to implement various sorting algorithms (e.g., quicksort, merge sort) and compare
their efficiency. This hands-on approach helps students comprehend the complexity and
real-world performance of algorithms. Practice and theory teaching progress comple-
ment each other and are taught synchronously. When teaching process management in
operating systems, an experiment is conducted immediately to have students implement
a multi-threaded program through programming, simulating the creation, scheduling,
and termination of processes. When covering process management in operating sys-
tems, students immediately engage in an experiment to implement a multi-threaded
program, simulating process creation, scheduling, and termination. This practical ex-
perience helps students reinforce theoretical knowledge and understand its application
in practical computer systems. Moreover, experimental teaching can bolster theoretical
instruction. Instructors can elucidate specific theories’ practical significance or limita-
tions using these experimental results, thereby deepening students’ comprehension of
theoretical knowledge.
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4.2  Interdisciplinary Collaboration Enhances Experimental Teaching

Interdisciplinary collaboration entails the amalgamation of knowledge, skills, and
methodologies from various disciplinary domains to address complex, multifaceted
problems. In the face of rapid societal and technological advancements, reliance on the
expertise of a single discipline needs to be improved in tackling real-world challenges.
Hence, interdisciplinary collaboration has garnered mounting significance in the realms
of education, research, and industry [5]. Practice teaching in computer science often
involves fundamental subjects such as mathematics and physics. For example, 3D
graphics processing in computer graphics courses requires knowledge of linear algebra
in mathematics. By combining theory with interdisciplinary experiments, students can
apply the knowledge they have learned in different fields. Through a project-driven
approach, practice teaching can help students apply multiple theoretical knowledge
points in combination. For example, designing a network application development pro-
ject requires using multiple theoretical knowledge, including network programming,
database design, and front-end and back-end development, from requirement analysis
to implementation. Students can comprehensively apply their knowledge and gain prac-
tical experience through a systematic experiment.

4.3  Use of Advanced Development Tools

Utilizing advanced development tools and platforms in education is essential for bridg-
ing the gap between theory and practical application. These tools not only enhance de-
velopment efficiency but also enable students to grasp the processes and best practices
of modern software development. By leveraging these tools, students can acquire es-
sential skills such as coding, testing, deployment, and project management, preparing
them for future roles in the industry [6]. For instance, when teaching software engineer-
ing theory, version control tools like Github are introduced to provide students with
practical experience in collaborative development processes. This project enhances
their understanding of the theory. It equips them with hands-on experience in version
control and team development. In hardware courses such as computer principles, em-
bedded systems, and interface technology, students are introduced to the Altera FPGA
development platform to design single-cycle processors and other hardware circuits.
Students learn to use Verilog or VHDL to write code and configure FPGA to implement
specific digital signal processing functions. Our FPGA experiment encompasses the
entire process from hardware design to real hardware validation, allowing students to
refine their designs through rapid iterations and performance optimization. This ap-
proach facilitates a comprehensive understanding of processors, memory, hardware ac-
celeration technology, and embedded design, enabling students to comprehend the syn-
ergy between hardware and software.

4.4 Continuous Evaluation and Feedback

The alignment of theory and practice teaching is also evident in the assessment process.
By formulating a comprehensive evaluation encompassing both theoretical knowledge
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assessments and hands-on projects, we can thoroughly gauge students’ learning out-
comes. For example, the final assessment in a data structure course may entail students
completing both theoretical questions and a programming task to implement a data
structure. Through the above strategies, theory teaching and practice teaching in com-
puter science can be organically combined, helping students to master theory while
possessing innovative consciousness and practical capability to solve complex engi-
neering problems.

5 School-Enterprise Collaboration

“Emerging Engineering Education” places significant emphasis on the pivotal role of
industry-education collaboration in computer teaching. We boasted a robust foundation
in collaboration and forged enduring partnerships with esteemed software and hardware
corporations, including China Software International Co., Ltd., Shanghai Haitong In-
formation Technology Co., Ltd., Shenyang Neusoft, BGI Genomics, and Altera.

5.1 Diverse forms of School-Enterprise Collaboration

Multiple avenues exist for school-enterprise collaboration, particularly emphasizing
professional internships and graduation projects. Collaboration between campus and
corporate mentors is essential in developing internship plans, guiding the internship
process, and assessing its efficacy. This collaboration also involves integrating content
from enterprise engineering projects or research and development work into graduation
project topics, offering students exposure to real-world enterprise environments, ena-
bling them to undertake authentic work cases, and experience genuine work pressures
within IT enterprises. Furthermore, substantial collaboration efforts are directed toward
constructing core course groups, practice teaching, and professional co-construction. A
comprehensive system encompassing enrollment, joint training, and employment is be-
ing established. Additionally, research on the demand for professional talents in tech-
nological development is underway, leveraging the innovative potential of industry-
academia integration to establish practice teaching bases oriented towards and serving
society.

5.2 School-Enterprise Collaboration Improves Talent Cultivation based on
Industrial Needs

“Emerging Engineering Education” explicitly advocates for the integration of the latest
industry developments and talent demands into the teaching process. This initiative en-
tails updating the teaching content and curriculum system, building teaching resources
that align with industry needs, and bridging the gap between education and industry.
While revising student training plans, we extensively seek suggestions from enterprises
and reform the educational system, management system, and operational mechanism,
highlighting the cultivation of students’ engineering abilities and professional qualities.
We adhere to the combination of theory and practice, engineering, and the integration
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of industry and academia in schools and enterprises, and construct a high-level infor-
mation talent training model that integrates learning, research, training, and produc-
tion]. These measures have established a school-enterprise cooperation mechanism of
talent co-education, process co-management, achievement sharing, and responsibility
bearing.

5.3  School-Enterprise Collaboration Significantly Enhances Teaching

Resources and Teaching Teams

We have developed high, medium, and low-level projects linked to actual engineering
endeavors in response to the imperative of addressing complex engineering challenges.
Advanced projects are seamlessly integrated throughout the undergraduate teaching
stage, providing students with comprehensive training in conceptualization, design, and
implementation. Intermediate projects complement advanced projects by integrating
relevant courses to augment the learning and application of core subjects. Junior pro-
jects encompass practical assignments within individual courses to deepen comprehen-
sion. Both advanced and intermediate projects are rooted in enterprise engineering prac-
tices. We implemented a novel engineering education model based on a school-enter-
prise cooperation platform to ensure continuous four-year university training with prac-
tical content. Additionally, we established on-campus and off-campus practice teaching
bases to harmonize the training environment with the actual setting, align training pro-
jects with real-world projects, and cultivate graduates' work abilities in accordance with
employers' needs.

6 Conclusions

Under the guidance of the “Emerging Engineering Education” concept, the practice
teaching reform in computer science has yielded significant results, effectively enhanc-
ing students’ innovation capabilities, engineering literacy, and problem-solving skills.
We use questionnaire surveys, grade analysis, and project evaluation to assess the ac-
tual effectiveness of practice teaching reform. Data shows that after the reform, more
than 83% of students expressed a more solid grasp of course content, and the quantita-
tive evaluation of project completion quality improved by 22%, especially in the fields
of software development, data processing, and intelligent system design, where stu-
dents’ practical abilities were significantly enhanced. The questionnaire survey re-
vealed that 85% of students felt they gained a clearer understanding of the relationship
between theory and practice, as well as mastery of methods to tackle real-world prob-
lems. By introducing interdisciplinary projects, strengthening partnerships between
school and enterprises, and emphasizing the integration of industry, academia, and re-
search, the learning approach has shifted from traditional classroom lectures to project-
based learning focused on real-world challenges, thereby closely linking theory with
practice. Enhanced industry recognition has been achieved alongside a doubling of
graduate employment rates in agricultural technology sectors.
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In conclusion, we have thoroughly examined the comprehensive aspects of the
“Emerging Engineering Education” concept and the specific characteristics of com-
puter majors in agricultural and forestry colleges. It has successfully established a prac-
tice teaching system aligned with the “Emerging Engineering Education” concept,
thereby exploring a practical approach to nurturing innovative talents tailored to meet
the demands of modern agricultural and information industries. This achievement can
serve as a valuable reference for numerous industry-specific universities seeking to
construct practice teaching systems based on their distinct characteristics and educa-
tional conditions. The successful replication through customized adaptations at three
industry-specific universities demonstrates the scalable adaptability of our system.
These achievements can serve as valuable references for numerous industry-specific
universities seeking to construct practice teaching systems based on their distinct char-
acteristics and educational conditions.
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