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Abstract. With the evolution of the global industrial pattern and the in-depth
advancement of the fourth industrial revolution, engineering education is facing
the demand for transformation towards practical ability cultivation and interdis-
ciplinary innovation. Based on the practice of engineering maker education in
universities in Guangdong, Hong Kong and Macao Greater Bay Area, this paper
discusses in depth the innovative modes and specific implementation paths of
interdisciplinary education, university-enterprise collaboration, and project-
driven curriculum design in higher education institutions in the region. The
study shows that through the modes of maker space, regional collaborative in-
novation platform and university-enterprise cooperation, the maker education
effectively enhances students' engineering practice ability, innovative thinking
and teamwork ability, and at the same time provides high-quality talent support
for the regional industrial development and technological transformation. This
paper further analyses the problems existing in the existing practice, and puts
forward improvement suggestions such as optimizing the sharing of resources
in the creativity space, strengthening the integration of curriculum design and
industry, cultivating a diversified faculty, deepening the cooperation between
schools and enterprises, and perfecting the incentive mechanism, with the aim
of promoting the sustained development of the creativity education in universi-
ties in Guangdong, Hong Kong and Macao Greater Bay Area, and providing the
theoretical basis and practical guidance for the synergistic innovation of the re-
gional economy and education.

Keywords: Guangdong, Hong Kong and Macao Greater Bay Area; engineering
creativity education; university education reform; interdisciplinary collabora-
tion; regional innovation

1 Introduction

With the evolution of the global industrial pattern and the development of the fourth
industrial revolution, the field of engineering education is undergoing unprecedented
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transformation. The previous teaching mode focuses on the teaching of theoretical
knowledge but neglects the cultivation of practical ability, and the boundaries be-
tween various disciplines are clearly defined, which is difficult to adapt to the current
social demand for talents with cross-disciplinary ability and innovation ability. In this
context, a kind of innovative and entrepreneurial education concept that emphasizes
interdisciplinary learning, project-based and focuses on solving practical problems -
engineering creativity education, engineering creativity education, as an important
way for future talent cultivation, has gradually been incorporated into the engineering
education system of colleges and universities, and has become an important way to
cultivate students' engineering practical ability, innovative thinking and interdiscipli-
nary collaboration ability. In view of the increasing trend of combining engineering
education reform with entrepreneurship education, this study aims to thoroughly ex-
plore the practice models, unique advantages and challenges faced by higher educa-
tion institutions in Guangdong, Hong Kong and Macao Greater Bay Area in the field
of engineering creativity education, as well as to assess its impact on the cultivation of
engineering and technology talents. Practical recommendations to facilitate future
development will also be made.

1.1 Background of Guangdong, Hong Kong and Macao Greater Bay Area
and Advantages of Educational Resources

The Guangdong-Hong Kong-Macao Greater Bay Area (GBA) plays a key role in
China's efforts to promote coordinated regional development and to realize technolog-
ical innovation and high-quality economic development. This international Bay Area,
comprising the Hong Kong and Macao Special Administrative Regions and nine cities
in Guangdong Province, has not only driven the growth of world-class economies, but
has also become an important incubator for global technology and innovation centers.
According to the Outline of the Plan for the Development of the Guangdong-Hong
Kong-Macao Greater Bay Area, the region is working to create a science and technol-
ogy innovation corridor to promote talent cultivation, scientific and technological
collaboration as well as the development of a knowledge-based economy, which will
provide strong policy support and resources for the reform and practical innovation of
engineering education in higher education institutions. In terms of educational re-
sources, the Guangdong-Hong Kong-Macao Greater Bay Area brings together many
quality higher education institutions and research and innovation platforms. Universi-
ties in the region, such as the Hong Kong University of Science and Technology
(HKUST), the University of Hong Kong (HKU), Sun Yat-sen University (SYSU), the
South China University of Technology (SCUT), and the University of Macao (UM),
enjoy an international reputation for engineering and technology education and pos-
sess strong research capabilities. In addition, the highly developed high-tech indus-
tries, the advantages of cross-regional resource integration, and the wide range of
application scenarios in the Bay Area provide excellent opportunities for industry-
university-research collaboration and practical projects to support innovative engi-
neering education. Together, these geographic characteristics constitute an extremely
favorable environment for nurturing innovative talent.
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1.2 The Significance of Engineering Creativity Education

Combining engineering technology training with the cultivation of entrepreneurial
and innovative spirit, engineering maker education is a new type of teaching mode in
line with the current trend of engineering education reform. Through the implementa-
tion of Project-Based Learning (PBL), the establishment of maker space and the
strengthening of cooperation between schools and enterprises, this educational meth-
od aims to promote students to develop their creative thinking and complex problem
solving ability in practical operation, so as to realize the teaching goal of "Learning
by Doing, Innovating in Practice". The aim of this educational approach is to promote
the development of students' creative thinking and their ability to solve complex prob-
lems through practical operations, thus realizing the teaching goal of "learning by
doing and innovation by doing". Analyzed from a global perspective, the "Engineer-
ing Design and Practice Curriculum" implemented in the United States, the "Dual
Education Model" advocated by Europe, and the "Industry-Academia-Research Col-
laborative Education System" constructed by Japan are all committed to strengthening
the relationship between engineering education and industry. All of them are commit-
ted to strengthening the connection between engineering education and the actual
needs of industries, aiming at cultivating professionals with practical skills and inno-
vation ability. In the context of China, along with the in-depth implementation of the
strategy of "Mass Entrepreneurship and Innovation", engineering education has be-
come a key component of higher education reform, contributing indispensable human
resources support to promote the development of local economy and scientific and
technological innovation.For the Guangdong-Hong Kong-Macao Greater Bay Area,
the significance of engineering creativity education is particularly prominent. It plays
an important role in promoting the development of high-tech industries in the Guang-
dong-Hong Kong-Macao Greater Bay Area, fostering innovative engineering talents
that meet the needs of the region's industries and strengthening the integration of sci-
ence and technology and economic activities in the region. Engineering Creative Edu-
cation breaks the limitations of the traditional teaching framework by adopting a pro-
ject-oriented and interdisciplinary cooperation approach, which promotes the innova-
tion of educational concepts and curriculum structure, and realizes the innovation of
education mode. Through creativity education, students' engineering practice skills,
innovative thinking and teamwork spirit have been significantly enhanced, which is of
great significance to improve the talent cultivation level of higher education institu-
tions. As a key driver of China's economic development and technological innovation,
the Guangdong-Hong Kong-Macao Greater Bay Area provides a unique environment
and favorable conditions for the implementation and development of engineering
innovation education.



64 Y. Liu

2 Research on Typical Practice Models of Engineering
Creativity Education in Universities in Guangdong, Hong Kong
and Macao Greater Bay Area

As an advanced demonstration area of China's reform and opening up, Guangdong,
Hong Kong and Macao Greater Bay Area provides unique advantages and broad
space for the development of engineering creativity education in universities with
strong scientific and technological innovation resources, internationalized education
system and policy support. The practice mode of engineering creativity education in
universities in Guangdong, Hong Kong and Macao Greater Bay Area is diversified
and systematic, relying on regional policy support, university-enterprise collaborative
innovation platforms and shared resource construction. They mainly include the mod-
el of maker space and innovation lab construction, the model of university-enterprise
cooperation and engineering practice program, the model of project-driven and cur-
riculum integration, and the model of regional collaborative innovation and competi-
tion promotion. These models are closely integrated with the industrial needs and
technological innovation trends of the Guangdong-Hong Kong-Macao Greater Bay
Area, which not only meet the regional demand for high-level engineering talents
training, but also promote the deep integration of engineering education and innova-
tion and entrepreneurship education. For example, the Hong Kong University of Sci-
ence and Technology fosters students' engineering design and systems thinking
through interdisciplinary design courses; the Southern University of Science and
Technology cooperates with enterprises such as DJI Innovation to build a platform for
innovation practice and promote the integrated development of industry-university-
research; and the South China University of Technology encourages students to carry
out incubation of innovative projects through the construction of high-quality creator
laboratories.

Through the investigation and research of data and case studies, it is found that
various higher education institutions in the Guangdong, Hong Kong and Macao
Greater Bay Area have explored a variety of practical approaches in the field of engi-
neering creativity education. These approaches not only make full use of the region's
unique resources and advantages, but also skillfully incorporate the characteristics of
their respective schools, thus opening up new avenues for the cultivation of engineer-
ing talents with innovative capabilities

2.1  Creative Space and Innovation Lab Construction Model

Makerspace and university innovation labs, as important physical carriers of engineer-
ing and creativity education, have been widely used and practiced in universities in
Guangdong, Hong Kong and Macao Greater Bay Area in recent years, and have grad-
ually evolved into an important mode of leading innovation education. By providing
advanced equipment, open environment and diversified resources, these spaces pro-
vide students, teachers and social innovation groups with a field from creativity to
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practice, and become an important practical carrier for engineering education reform
in universities®.

2.1.1 Innovation Lab of the Hong Kong University of Science and Technology-
Promoting Innovative Practices through Interdisciplinary Collaboration. Through
the "Engineering + Creativity" education model, HKUST has built a number of inno-
vation labs, such as the Design Thinking Lab and the HKUST Robotics Institute,
which are spaces focused on promoting interdisciplinary collaboration and innova-
tion. Innovation. Taking the Design Thinking Lab as an example, it actively incorpo-
rates the concept of "design thinking" to provide students with a platform for practic-
ing the complete process of creative conceptualization, product prototyping, technol-
ogy development and user research. Students come from different disciplines, such as
engineering, business and design, and work together in teams to complete the whole
process from problem analysis to solution design, such as the development of smart
medical products or sustainable building materials. This kind of project-based learn-
ing based on real problems not only enhances students' innovation ability, but also
deepens interdisciplinary understanding and collaboration.

2.1.2 South China University of Technology (SCUT) Creator Lab-an Innovative
Incubation Model Combining Industry, Academia and Research. South China Uni-
versity of Technology (SCUT) focuses on promoting the deep integration of industry,
academia and research through the Creative Lab, building a bridge from creativity to
entrepreneurship for students. The university's Creative Lab is equipped with ad-
vanced hardware facilities such as 3D printers, laser cutting machines, intelligent
sensing equipment, etc., and is guided by professional technical instructors and corpo-
rate partners to provide students with technical support and entrepreneurial resources.
For example, the "intelligent drone project” was incubated in the Creative Lab, and
the whole process from the initial design, to function development and product opti-
mization, to market promotion, was led by students, while enterprises provided sup-
port in market analysis and product implementation. This model not only cultivates
students' engineering practice ability, but also promotes the transformation of scien-
tific and technological achievements, upgrading the maker space into an ecosystem
for innovation and entrepreneurship.

2.1.3 Creativity Platform of Southern University of Science and Technology-A
Model of Internationalization and Open Education. With its internationalization
philosophy, Southern University of Science and Technology (SUSTech) has created
an open creativity platform, aiming to provide students with integrated solutions from
engineering creativity to industrial application. The platform is not only equipped
with advanced hardware facilities, but also cooperates with globally renowned univer-
sities and enterprises to carry out internationalized innovation projects. For example,
the university has set up a drone innovation lab in cooperation with DJI Innovation to
provide students with the opportunity to participate in drone research and develop-
ment. By guiding students in the whole chain of R&D from aircraft design to control
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system optimization, the lab has promoted the translation of a number of technologi-
cal achievements on the ground. In addition, SUSTech regularly organizes interna-
tional creator competitions and workshops, attracting the participation of the world's
top instructors and students, which greatly broadens students' international horizons.

The construction mode of Makerspace and Innovation Lab not only injects new vi-
tality into engineering education in universities, but also creates more practice oppor-
tunities and innovation platforms for students. While enhancing students' engineering
practice ability, complex problem solving ability and innovative thinking, this model
also cultivates a batch of high-quality engineering talents who can meet the develop-
ment needs of the region for the Guangdong-Hong Kong-Macao Greater Bay Area.
However, this model also faces some challenges in the process of promotion, such as
the under-utilization of resources in some of the makerspaces, and the insufficient
matching between the faculty and industry needs.

2.2 School-enterprise Cooperation and Engineering Practice Project Model

The university-enterprise cooperation and engineering practice project model is one
of the important organizational forms of engineering creativity education in universi-
ties, which provides students with an innovative platform combining knowledge and
practice by integrating the educational resources of universities and the technological
advantages of enterprises. This model has been widely used in universities in Guang-
dong, Hong Kong and Macao Bay Area, aiming to cultivate students' engineering
practice ability, innovative thinking and the ability to adapt to actual industrial needs.
Through university-enterprise cooperation, students are able to directly participate in
the development and implementation of engineering projects, which not only
strengthens the application of theoretical knowledge, but also promotes collaborative
innovation between universities and enterprises. The following are a few typical cases
to illustrate the practice and effectiveness of this model in Guangdong, Hong Kong
and Macao Bay Area.

2.2.1 Huawei-South China University of Technology Engineering Practice Base-
Technology Tackling for Industrial Needs. South China University of Technology
(SCUT) and Huawei jointly founded the "Engineering Practice Base", which is a
model of university-enterprise cooperation. Relying on Huawei's technological ad-
vantages in the field of communication technology and the disciplinary resources of
South China University of Technology, the base has organized a number of engineer-
ing practice projects in the field of 5G communication, artificial intelligence, big data
and other cutting-edge technologies. For example, the student team had participated in
the research and development project of efficient heat dissipation technology for 5G
base stations, where enterprise engineers and university tutors jointly guided the stu-
dents to complete the whole process of theoretical modeling, equipment design and
experimental verification. This not only solved the technical problems in the construc-
tion of 5G base station, but also allowed the students to gain real industrial R&D ex-
perience and practically realize the significance of combining theory and practice.
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Through this kind of cooperation, students' engineering practice ability and innovation
consciousness have been significantly improved, while enterprises have also gained
the support of young innovation power in the cooperation.

2.2.2 Joint Laboratory for Drone R&D between DJI and Southern University of
Science and Technology-From Technology Development to Product Incubation.
The Joint Laboratory for the Development of Unmanned Aerial Vehicles (UAV) es-
tablished by the Southern University of Science and Technology (SUSTech) in coop-
eration with DJI is a successful case of university-enterprise cooperation in the train-
ing of engineering and innovation talents. With the development of UAV systems as
its core research direction, the lab carries out R&D projects targeting key technologies
such as flight control algorithm optimization, energy consumption management and
sensor fusion. For example, in the project of "Optimization of UAV Intelligent Obsta-
cle Avoidance System", the student team and the enterprise technicians jointly devel-
oped an obstacle avoidance algorithm based on multi-sensor fusion, which signifi-
cantly improved the safety performance of UAVs in complex environments through
experiments and iterations. The enterprise provided financial and technical support for
the project, while the lab became the cradle of technology incubation, and some of the
excellent projects were eventually transformed into commercial products. Through
such university-enterprise cooperation, the lab not only cultivates students' engineer-
ing innovation ability, but also promotes the marketization of technical achievements,
injecting new momentum for regional industrial upgrading.

2.2.3 Interdisciplinary Project between The Hong Kong Polytechnic University and
Medical Device Enterprises: Innovative Practices Driven by Social Needs. The
Hong Kong Polytechnic University (PolyU) has fully utilized its strengths in the field
of biomedical engineering to conduct interdisciplinary engineering practice projects
with a number of medical device companies. For example, the University has collabo-
rated with a local medical device company to develop an "Intelligent Rehabilitation
Robot" to assist stroke patients in their rehabilitation training. In the project, the stu-
dent team was responsible for many aspects of the project, from mechanical design to
software development, while the company provided technical guidance and market
analysis support. This cooperation not only solved the actual needs of the medical
industry, but also cultivated the students' ability to think in the whole chain from en-
gineering technology to product design. Eventually, the results of the project were
recognized by the industry, and some of the team members also formed a startup
company to further promote the commercialization of the product.

The implementation of the university-enterprise cooperation and engineering prac-
tice project model enables students to exercise their innovation ability, practical abil-
ity and collaboration ability in real engineering situations, provides high-quality engi-
neering talents for regional economic development, and also promotes the deep inte-
gration of university education and industrial development. However, the model still
has some challenges in practice, such as insufficient depth of cooperation between
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universities and enterprises, insufficient project continuity and results transformation,
and limited scope of students covered by the project.

2.3  Project-driven and Curriculum Integration Model

Project-driven and curriculum integration mode is an important implementation path
for engineering education. By integrating real projects into the curriculum system of
colleges and universities, students can master engineering knowledge and train inno-
vative thinking in the process of solving real problems, thus realizing the principle of
"Learning by Doing, Learning by Doing"[?\. This model is widely used in universities
in Guangdong, Hong Kong and Macao Bay Area, which not only meets the demand
for practical ability cultivation in engineering education, but also promotes the organ-
ic combination of curriculum content and industrial development. The following are a
few typical cases to illustrate the practical achievements and advantages of this mod-
el.

2.3.1 The Hong Kong University of Science and Technology's "Engineering Design
and Innovation Program". The Engineering Design and Innovation Program offered
by the Hong Kong University of Science and Technology (HKUST) is a classic ex-
ample of project-driven and curriculum integration. The course is project-based, and
students are divided into interdisciplinary teams, focusing on current social hotspots
or industry needs, and completing the whole process from problem definition to prod-
uct development. For example, in an application development project, a student team
designed an Internet of Things-based "smart home security system", which combines
sensor data and remote control technology to enhance the security experience of home
users. Through multi-stage presentation and iterative optimization, the course requires
students to submit a full set of results from design documents to functional proto-
types. The instructors also invited corporate technologists to participate in grading
and feedback to provide students with hands-on guidance. The course combines real
projects with academic research and technology development, allowing students to
master the engineering design process in practice and enhancing their comprehensive
innovation ability.

2.3.2 Southern University of Science and Technology's "Creative Education and
Engineering Practice Program". Through the "Creative Education and Engineering
Practice Program", SUSTech has deeply integrated the concept of creative education
into engineering teaching, forming a new mode of project-driven curriculum teaching.
The course centers on the theme of "intelligent hardware development" and invites
students to conceptualize their own projects and implement them in groups. For ex-
ample, a student team designed and realized a "smart bracelet for the elderly" in the
course, which can monitor the wearer's heart rate and exercise status in real time, and
automatically send alert messages to family members in case of abnormalities. During
the course, students had to go through a number of stages, including demand research,
technology selection, prototyping, programming and development, and multiple
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rounds of testing, to finally form a demonstrable product prototype. Through this
project-based teaching approach, students not only mastered the basics of technology
development, but also enhanced their understanding of market needs and teamwork
skills.

2.3.3 South China University of Technology's ""Innovation and Entrepreneurship
Program''. The Innovation and Entrepreneurship Program at South China University
of Technology combines project-driven teaching with entreprencurial practice,
providing students with a complete teaching experience from idea generation to actual
product development. The course requires students to carry out innovative design
projects around the theme of "green energy technology", for example, a team devel-
oped a solar-powered "smart irrigation system", which realizes the efficient manage-
ment of water resources in farmland through the Internet of Things (IoT) technology.
In the course, students not only learned the professional technical knowledge in relat-
ed fields, but also understood the complete process of entrepreneurship from technol-
ogy to product realization through the writing and presentation of business plans. This
project-driven course model not only cultivates students' engineering skills, but also
stimulates their entrepreneurial enthusiasm and market sensitivity.

Through the project-driven and curriculum integration model, universities in
Guangdong, Hong Kong and Macao Bay Area not only provide students with a richer
learning experience, but also provide new ideas for the innovative development of
engineering education. This model effectively compensates for the lack of practical
aspects in traditional classroom teaching, and promotes the reform and optimization of
the university curriculum system while enhancing students' ability to solve practical
engineering problems. However, the implementation of the model also faces some
challenges, such as the difficulty of the organic combination of project design and
course objectives, the diversified needs of the faculty team, the high and low project
guidance ability, and the allocation of time and resources.

2.4  Regional Synergistic Innovation and Competition-driven Models

Regional Collaborative Innovation and Competition Promotion Mode is another im-
portant form of practice in engineering creativity education in universities in Guang-
dong, Hong Kong and Macao Greater Bay Area, which builds a collaborative innova-
tion platform by integrating the resources of universities, enterprises, government and
society in the region, and at the same time stimulates the creativity and practical abil-
ity of students by relying on various types of innovation and entrepreneurship compe-
titionsP®. This model not only promotes the sharing of resources among universities,
but also builds an important stage for students to display their creativity and technical
skills, and promotes the two-way integration of creativity education and regional in-
dustrial development. Guangdong, Hong Kong and Macao Greater Bay Area, as Chi-
na's frontier of openness and innovation, has distinctive practical characteristics of its
regional collaborative innovation and competition-promoting model in creativity edu-
cation, which is analyzed in the following specific cases.
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2.4.1 Guangdong-Hong Kong-Macao Greater Bay Area Student Innovation and
Entrepreneurship Competition-A Model of Cross-Regional Collaboration. The
Guangdong, Hong Kong and Macao Greater Bay Area Student Innovation and Entre-
preneurship Competition (the Greater Bay Area Shuangchuang Competition) is an
important platform for promoting regional synergy and integration of innovation and
competition in recent years. Jointly organized by universities in Guangdong, Hong
Kong and Macao, as well as enterprises and the government, the competition aims to
incubate innovation and entrepreneurship projects in the region. The competition
covers areas such as artificial intelligence, green energy, and smart city, etc. Partici-
pating projects are required to fully integrate with the actual needs of the region and
propose innovative and feasible solutions. For example, in the last competition, a joint
team from the Hong Kong University of Science and Technology and the South China
University of Technology proposed an Al-based optimization system for urban waste
classification and treatment, which not only integrates Hong Kong's Al algorithmic
research and Guangzhou's engineering and technology strengths, but also receives
follow-on investment support from an environmental protection company in Guang-
zhou. Through this competition, students were able to get in touch with real market
demand, while cross-campus collaboration also gave them the opportunity to learn
from the advantageous resources of different universities in the region. This competi-
tion model promotes the establishment of a regional collaborative innovation platform
and significantly improves students' teamwork ability and innovation practice.

2.4.2 Shenzhen International Creators Competition-A Globalized Competition Plat-
Jform Based on Regional Needs. As one of the major events in the Guangdong-Hong
Kong-Macao Greater Bay Area, the Shenzhen International Creators Competition
attracts teams of creators from Guangdong, Hong Kong, Macao and around the world
by building a globalized competition platform. The competition focuses on the com-
bination of technological innovation and application scenarios, guiding participants to
design projects around the needs of emerging industries in the region, such as smart
manufacturing, health technology and financial technology. For example, a student
team from the Southern University of Science and Technology developed a supply
chain finance system based on blockchain technology, which aimed to solve the prob-
lem of financing difficulties of small and medium-sized enterprises in the region, and
combined with the actual needs of Shenzhen as a financial and technological center,
and eventually won the high recognition of enterprises. By bringing together interna-
tional resources and regional needs, the Shenzhen International Creators Competition
provides cross-cultural exchanges and opportunities for innovation and practice for
students from universities in the Guangdong, Hong Kong and Macao Greater Bay
Area, and at the same time strengthens the connection between university creators'
education and the local economy.

2.4.3 Guangdong-Hong Kong-Macao Greater Bay Area Robotics Challenge-
Promoting Creative Education through Discipline Crossing. The Guangdong-Hong
Kong-Macao Greater Bay Area Robotics Challenge is a regional event focusing on
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artificial intelligence and robotics, attracting student teams from dozens of universi-
ties in the Greater Bay Area. The competition emphasizes discipline intersection and
engineering practice, requiring students to participate in the entire process from robot
design, programming development to function realization. For example, a joint team
from the Chinese University of Hong Kong and the University of Macao designed an
"Autonomous Navigational Meal Delivery Robot", which combines mechanical engi-
neering, computer science and intelligent sensing technology to autonomously plan its
path and respond to complex environmental changes. The competition set challenges
in a number of subfields, including robot mechanical design, perception and control,
algorithm optimization, etc., which not only emphasized the students' practical engi-
neering ability, but also cultivated their innovative thinking and practical problem
solving ability. The Robotics Challenge further promotes the synergistic development
of regional universities in the field of robotics, while cultivating technical talents for
the intelligent upgrading of regional industries.

2.4.4 Creative Education Alliance of the Greater Bay Area-An Educational Ecolog-
ical Platform for Collaborative Innovation. The Greater Bay Area Creative Educa-
tion Alliance is an important organization that promotes regional collaboration. The
Alliance is jointly formed by a number of colleges and universities, enterprises and
government agencies in the Greater Bay Area, aiming to promote the sharing and
collaborative development of creative education resources in the region. The Alliance
regularly organizes regional competitions, innovation forums and project incubation
and docking activities to provide university students with full-process support from
innovative ideas to technology realization and market transformation. For example,
the Alliance has launched the "Smart Bay Area" themed innovation competition, en-
couraging students to propose creative solutions in the directions of smart transporta-
tion, green cities and Internet of Things, and then incubate the outstanding projects
into real products through the Alliance's resource matching. This combination of
competition and collaboration not only helps students transform theoretical
knowledge into practical applications, but also promotes the standardization and high-
quality development of creativity education in universities in the region.

Through the regional collaborative innovation and competition-driven model, uni-
versities in Guangdong, Hong Kong and Macao Greater Bay Area have not only pro-
moted the collaborative development of creativity education on a regional scale, but
also provided important talent and technology support for the regional economy and
society. However, this model also faces some challenges in practice, such as uneven
distribution of competition resources, narrower student participation, and more diffi-
cult subsequent transformation of competition results.

3 The Specific Impact of Engineering Creativity Education on
the Cultivation of Engineering Talents in Colleges and Universities

By integrating the data and analyzing the examples, it can be seen that higher educa-
tion institutions in the Guangdong, Hong Kong and Macao Greater Bay Area have
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played a significant and positive role in the promotion of engineering innovation edu-
cation for the cultivation of engineering talents, which is manifested in the following
dimensions:

3.1 Enhancement of Students' General Engineering Literacy

Research has shown that engineering creativity education uses a combination of pro-
ject-oriented and hands-on practices aimed at developing students' comprehensive
abilities, especially in designing, manufacturing, and solving real-world engineering
problems. Students who received creativity education demonstrated significant im-
provement in engineering practice, creative thinking, and project management. For
example, during their participation in the Smart Manufacturing program, students
learned to use a wide range of engineering tools and techniques, and mastered meth-
ods related to system design. More than 70% of the surveyed students felt that their
problem-solving and innovation skills were significantly enhanced through their par-
ticipation in the Creative Education activities. In addition, the maker program focuses
on promoting interdisciplinary collaboration, in which students are able to enhance
their teamwork skills and systematic thinking through cross-disciplinary knowledge
exchange.

3.2  Promoting the Practical Application of Student Innovations

By providing a platform for open exploration, engineering creativity education, mak-
erspaces and hands-on project activities have inspired students to learn independently
and continue to innovate in engineering practice. Some outstanding innovative pro-
jects have been successfully transformed into technology through cooperation and
incubation platforms between schools and enterprises!*l. For example, a green energy
system developed by a team of students from South China University of Technology
has been adopted by relevant enterprises and applied in actual sustainable develop-
ment projects.

3.3  Cultivation of Application-oriented Personnel to Meet Industrial Needs

Through school-enterprise cooperation, students are able to participate in actual engi-
neering projects, and the close integration with actual engineering projects and direct
contact with the industry not only narrows the gap between higher education and in-
dustry needs, but also significantly improves the relevance of talent cultivation!.
Statistics show that more than 80% of corporate employers said that students with
creative education experience show outstanding abilities in the workplace.

3.4 Enhancement of Students' Competitiveness for Employment

Through engineering creativity education, students enhance their practical skills and
problem-solving abilities, thus demonstrating greater competitiveness in the job-
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seeking process. According to statistics, students who have participated in regional
competitions and won awards have increased their employment rate by about 15 per-
cent compared to the average student.

4 Suggestions for Improvement of the Problems Encountered in
the Existing Practice Models of Engineering Creativity Education

Although universities in Guangdong, Hong Kong and Macao Greater Bay Area have
achieved remarkable results in promoting the practice mode of engineering creativity
education, they still face a number of challenges in the actual operation process,
which mainly include uneven distribution of resources, under-utilization of creativity
space, lack of matching between the curriculum system and industrial demands, weak
faculty, and low student participation and achievement transformation rate. To a cer-
tain extent, these problems have hindered the in-depth promotion and comprehensive
optimization of the practice mode of engineering creativity education, so it is urgent
to put forward targeted improvement suggestions to further enhance the effectiveness
of the practice and the regional collaborative innovation capacity. In the following,
improvement strategies are proposed in five aspects: the construction of creative
space, the optimization of curriculum design, the cultivation of teachers, the construc-
tion of diversified cooperation mechanism and the improvement of evaluation system.

4.1 Optimizing the Construction of Creative Spaces and Resource-sharing
Mechanisms

In Guangdong, Hong Kong and Macao Greater Bay Area, with the promotion of crea-
tivity education, colleges and universities have generally carried out innovation and
practice education, but there are significant differences in resource allocation. Some
colleges and universities (especially key colleges and universities in economically
developed areas) have abundant resources for creativity education, including ad-
vanced experimental equipments, large-scale creativity spaces, and special financial
support, but their utilization is far lower than expected. And some local colleges and
universities, private colleges and universities, or vocational colleges and universities
are facing the problem of resource shortage in creativity education due to limited
funds. The imbalance in the distribution of resources for creativity education in col-
leges and universities significantly affects the overall quality of innovation education,
which both wastes resources and exacerbates the disparity in education level among
colleges and universities. This unbalanced situation not only limits the cultivation of
students' innovation ability, but also weakens the competitiveness of regional collabo-
rative innovation'®l. Therefore, there is an urgent need to promote the balanced devel-
opment of creativity education resources through the establishment of a resource shar-
ing platform, optimization of allocation policies, and enhancement of utilization effi-
ciency, so as to promote the overall enhancement of creativity education in universi-
ties in the Greater Bay Area, and help achieve the goal of regional innovation devel-
opment.
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It is suggested that within the Greater Bay Area, the creative education resources of
universities should be integrated to establish a regional resource sharing platform
(e.g., online equipment booking system, regional joint creative space) to encourage
resource sharing and cooperation among universities. For universities with insuffi-
cient resources, the government can implement a differentiated resource allocation
policy, increase financial support and policy inclination, and prioritize bridging the
infrastructure gap. For resource-rich colleges and universities, it will strengthen the
management of the utilization rate of the creative education equipment and space,
regularly assess the use of resources, adjust the allocation strategy, and avoid the
waste of idle resources. Through jointly organizing competitions and cooperating in
the development of cross-campus innovation projects, colleges and universities can
promote synergistic cooperation and bridge the resource gap. Finally, corporate re-
sources can be introduced to participate in creativity education by donating equip-
ment, providing technical training, or participating in student project guidance, to
make up for the lack of resources in some colleges and universities, and at the same
time to enhance the application value and industrialization potential of the projects.

4.2  Deepening the Integration of Curriculum Design with Industrial Needs

The design of the curriculum system should more closely match the needs of regional
industrial upgrading and focus on the combination of practice and theory. Colleges
and universities should actively introduce practical projects of emerging technologies
in the region (e.g., artificial intelligence, smart city, green energy) as the core content
of the curriculum teaching, so as to ensure that students are exposed to the most cut-
ting-edge industry issues in the classroom. Modules based on real industrial needs can
be added to the curriculum design, such as setting up "enterprise problem solving"
courses, so that student teams can complete the whole process from demand analysis
to solutions through real cases. At the same time, colleges and universities should
incorporate creativity education into the core curriculum system, enhance its status in
the teaching program, and avoid the formalization of creativity education as an extra-
curricular activity.

4.3  Strengthening Teacher Training and Introducing Industry Mentors

Effective implementation of engineering creativity education cannot be achieved
without high-level faculty, but at present, college teachers are generally not competent
in interdisciplinary and practical teaching. To solve this problem, colleges and univer-
sities should carry out regular training programs for teachers on engineering creativity
education, covering project-based teaching, technological innovation counseling and
interdisciplinary collaboration and other skills. At the same time, a "dual-teacher sys-
tem of university-enterprise mentors" should be established to actively introduce en-
terprise technical experts as part-time mentors for university creativity courses,
providing students with guidance and practice opportunities at the forefront of the
industry. This "dual-teacher mentoring" model can not only make up for the lack of
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industrial experience of university teachers, but also help students better understand
the combination of technology and the market.

4.4  Building a Diversified School-enterprise Cooperation and Project
Incubation Mechanism

To address the problems of insufficient depth of school-enterprise cooperation and
low conversion rate of students' achievements, attempts can be made to establish a
diversified school-enterprise cooperation mechanism. Colleges and universities
should provide more real engineering practice opportunities for students by building
creator labs, joint R&D projects and organizing enterprise-driven innovation competi-
tions with regional leading enterprises. At the same time, they should strengthen the
incubation support for students' project achievements, establish innovation and entre-
preneurship incubation platforms within universities, and unite with regional innova-
tion industrial parks and venture capital institutions to provide financial, technologi-
cal, and market resource support for outstanding students' creative projects, and to
promote the industrialization of creators' achievements.

4.5  Establishing a Multi-dimensional Evaluation System for Creativity
Education

The problem of a single existing evaluation system directly affects students' participa-
tion experience in engineering creativity education, limiting their creative play and
sustained enthusiasm for participation. A more diversified evaluation system needs to
be established to provide students with more support for long-term development by
comprehensively recognizing their abilities and contributions, so as to stimulate their
motivation for innovation and enthusiasm for practice. By including more diversified
indicators in the evaluation process, the actual abilities of students can be more com-
prehensively reflected”, specifically including the following dimensions:

Quality and innovativeness of project results: By combining the product prototype
demonstration, technical report and market feasibility analysis, we can assess the
students' ability to solve practical problems as well as the degree of completion of
students' projects, the realization of their functions as well as the innovativeness and
social value of their projects!'.

Teamwork and Interdisciplinary Collaboration Ability: Evaluate students' contribu-
tion in teamwork, collaboration ability and interdisciplinary problem solving ability
through regular project reports, mutual evaluation of team members, and observation
records of tutors.

Problem solving ability and technical breakthrough ability: In view of the technical
difficulties or design bottlenecks in the project, students are required to write a tech-
nical solution analysis report, and the logic, innovation and feasibility of the solution
will be comprehensively evaluated. Evaluate students' ability to identify and analyze
the problems in the project, their ability to design solutions and the key breakthroughs
in technical realization.
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Learning Process and Self-Exploration Ability: Evaluate students' initiative, ex-
ploratory learning behaviors, and technology iteration ability in the project by record-
ing students' learning logs, stage quizzes, and mentor feedback.

Social Impact and Sustainability: Evaluate the project by inviting industry experts
or potential users, while analyzing the project's economic feasibility, eco-friendliness
or social benefits. Evaluate the practical application potential of student projects and
their positive impact on society and the environment.

4.6 Innovative Incentive Mechanism

In order to enhance students' enthusiasm and motivation in engineering practice and
innovation activities, innovative incentives can be designed through scholarships,
competition awards and honorary titles, which can effectively enhance students' inter-
est in engineering practice and innovation.

Incentivize innovation potential through scholarships: set up special scholarships,
such as “Engineering Innovation Scholarship” or “Creator Pioneer Scholarship”, for
students who participate in the education of creators, engineering practice or techno-
logical innovation projects; implement a hierarchical scholarship award mechanism
according to the depth of students' participation and the impact of the projects. Im-
plement a tiered scholarship award mechanism based on the depth of participation and
the impact of the project; provide long-term support scholarship programs for students
who have continuously participated in the creation project, covering the costs of their
academic research or entrepreneurship, to form a continuous incentive effect.

Motivate participation through competition rewards: set up diversified competition
reward mechanisms, such as cash prizes, technical support, business incubation re-
sources, and industry internship opportunities, to meet the needs of different students;
set up stage-by-stage rewards, such as creativity awards for the preliminary stage,
progress awards for the mid-stage, and comprehensive awards and other stage-by-
stage competition incentives, to ensure that students stay motivated throughout the
competition process.

Enhance the sense of belonging and achievement through honorary titles: Innova-
tive honorary titles can be set up to award students with outstanding performance in
engineering and creativity education, such as “Campus Innovation Pioneer”, “Star of
Engineering Practice”, “Best Creative Team of the Year”, and so on. Best Creative
Team of the Year”, etc.; establish a wall of honor and a platform for displaying
achievements, and set up a “Creative Wall of Honor” or a digital display platform on
campus to regularly display the innovative achievements of outstanding students and
teams; support career development, and give priority to students who have been
awarded with honors in obtaining support from alumni, recommendations from men-
tors or incubation funds on campus; and give students who have been awarded with
honors priority in getting support from alumni, mentors or incubation funds on cam-
pus. Supporting career development, students who have been awarded the honorary
title will be given priority to receive alumni resources support, enterprise recommen-
dation or further support such as on-campus incubation fund, which will enhance the
substantive value of the honorary title.
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The above improvement suggestions aim to optimize the practice mode of engi-
neering creativity education in universities in Guangdong, Hong Kong and Macao
Greater Bay Area in a comprehensive way by starting from multiple levels such as
creativity space, curriculum design, teacher training, university-enterprise coopera-
tion, multi-dimensional evaluation system and innovative incentive mechanism.
These improvement measures will not only effectively solve the problems existing in
the existing practice, but also further enhance the overall quality and influence of the
creativity education, and output more high-quality technical talents for the regional
economic development and the enhancement of innovation ability. In the follow-up
study, the implementation path and feasibility of these suggestions will be further
explored, and a more targeted implementation plan will be proposed with regional
characteristics to provide theoretical basis and practical guidance for the sustainable
development of creativity education in Guangdong, Hong Kong and Macao Greater
Bay Area.

5 Conclusions

This study focuses on the practice of engineering creativity education in universities
in the Guangdong-Hong Kong-Macao Greater Bay Area, analyzes its typical models,
strengths, and challenges, and explores the positive impacts of this form of education
on the cultivation of engineering talents. The study shows that engineering maker
education not only provides a feasible path to revolutionize the engineering education
system in universities, but also plays a key role in promoting local technological in-
novation and industrial transformation. Nevertheless, the education model still faces
some challenges in terms of curriculum, faculty and resource allocation. In the future,
it is necessary to further improve this education system by improving the curriculum
planning, upgrading the professional development of teachers, increasing policy sup-
port, and improving the mechanism for the transformation of scientific and technolog-
ical achievements. With the concerted efforts of the government, tertiary institutions
and enterprises, engineering innovation education in the Guangdong-Hong Kong-
Macao Greater Bay Area is expected to take a qualitative leap forward in the context
of regional cooperation and innovation. This process will not only improve the quality
of local education, but also contribute valuable practical experience and reference
models for engineering education reform in the global context.
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