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Abstract: With the intensifying aging population in China, the demand for health care service professionals has surged,
highlighting the significant gap between supply and demand. Vocational education is regarded as the primary channel
for cultivating technical talents in the health care sector. However, challenges such as structural mismatches between
education and industry needs, insufficient practical training, and low enterprise participation persist. This study takes
Xinyang City in Henan Province as a case to explore the optimization path of health care vocational education through
industry-academia-research collaborative innovation. The research integrates collaborative innovation theory and the
German "dual system" vocational model as theoretical frameworks. It analyzes the local government's initiatives—such
as the construction of the Leishan Jiangu vocational education park and industry-education integration platforms—and
identifies key problems like weak coordination mechanisms, limited enterprise engagement, and insufficient
“dual-qualified” teaching staff. Based on domestic and international best practices, the study proposes targeted
strategies: strengthening collaborative governance mechanisms, enhancing enterprise participation, optimizing curricula
and practical teaching systems, and improving policy support. These measures aim to align vocational education with
health care industry demands, thus cultivating high-quality talents and supporting sustainable development in the
context of population aging.

Keywords: Vocational education; Health care; Industry-Academia-Research collaboration; Aging population; Talent
training; Xinyang

1 INTRODUCTION

The intensification of population aging has put forward urgent requirements for the supply of talents for health care
(healthy elderly care) services. According to statistics, by the end of 2024, the number of elderly people aged 60 and
above in my country has reached 310.31 million, accounting for 22.0% of the total population, of which 220.23 million
are 65 years old and above, accounting for 15.6%. The elderly population is large and growing rapidly. It is estimated
that around 2035, the proportion of the population over 60 years old will reach 30%, and the elderly population will
exceed 400 million. Along with this, there is a surge in demand for health care services such as medical and nursing
care, rehabilitation and nursing. However, there is currently a serious shortage of professional talents in the health care
field. For example, according to a survey, my country's demand for elderly care workers is more than 6 million, but the
actual number of practitioners is only about 500,000, and the talent gap is significant. This contradiction between
supply and demand directly affects the quality of elderly care services and medical and health security, and has become
a livelihood issue that needs to be solved urgently.

Vocational education is regarded as the main channel for cultivating technical and skilled talents in health care services.
However, for a long time [1], there has been a structural and quality mismatch between the education supply side and
the industry demand side. The talents cultivated by vocational colleges are difficult to fully meet the actual needs of the
industry, and a "two-faced" phenomenon has emerged. In order to solve the structural contradiction between talent
supply and demand, the government attach great importance to deepening the integration of industry and education and
school-enterprise cooperation, and have elevated it to a national strategy. The "National Vocational Education Reform
Implementation Plan" (2019) and the newly revised "Vocational Education Law" (2022) and other policies clearly
require the improvement of the modern vocational education system integrating industry and education, encourage
enterprises to deeply participate in collaborative education, and encourage enterprises to run schools through tax and fee
concessions [2]. Especially in the field of health care, the Ministry of Education, the National Health Commission and
other departments will deploy in 2025 to accelerate the training of medical and nursing talents, promote vocational
colleges to set up undergraduate majors in health care services, require at least 50% of the courses to be practical
training, and encourage in-depth cooperation between schools and enterprises to carry out teaching in conjunction with
nursing homes and hospitals. These measures show that taking industry-university-research collaborative innovation as
a starting point to promote the organic connection between the vocational education chain and the health care industry
chain has become the only way to improve the quality of health care talent training and cope with the challenges of
aging.

This paper takes Xinyang City, Henan Province as a case study, focusing on the optimization path of health care
vocational education under the background of collaborative innovation among industries, schools and scientific research.
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Xinyang City is a populous city with an aging rate higher than the national average. In 2020, the population aged 60 and
above accounted for 19.27%. By the end of 2023, the number of people aged 65 and above will exceed 1.015 million
[3], accounting for about 16.8% of the permanent population. The local health care industry has an urgent need for
development, but there are still shortcomings in the supply of vocational education, such as insufficient layout of
nursing-related majors and weak practical teaching. In recent years, Xinyang City has attached great importance to
vocational education reform, and has taken industry-education integration as an important breakthrough in the
development of vocational education. It has invested in the construction of the "Leishan Jiangu" industry-education
integration vocational education park, and plans to integrate health care vacation bases and research bases into it,
promoting the coordinated development of "health care + research + tourism". Xinyang Vocational and Technical
College and other colleges and universities are also actively exploring school-enterprise cooperation models, such as
co-building industrial colleges with nursing institutions and implementing the "1+1+1" talent training model, which has
significantly improved the practical ability of graduates [4]. In this context, it is of great theoretical value and practical
significance to study how to further optimize the path of health-care vocational education through collaborative
innovation between industry, academia and research.

2 LITERATURE REVIEW

Current status of research on industry-education integration and health-care vocational education: Domestic scholars
have discussed the issue of industry-education integration in vocational education. Chen Nianyou and other scholars
pointed out that industry-education integration is a deep cooperation between vocational education and industry, and its
essence lies in the collaborative education of vocational colleges and industry enterprises to improve the quality of
talent training. Industry-education integration is regarded as a fundamental way to solve the contradiction between the
supply side of talents and the demand side of industries, which is conducive to improving the adaptability of vocational
education. In recent years, research has focused on the institutional mechanism, operation mode and policy effect of
industry-education integration. For example, some studies have sorted out the evolution of China's industry-education
integration policy and believed that it is necessary to improve the long-term mechanism of school-enterprise
cooperation and eliminate the interest barriers between schools and enterprises. In the field of health-care vocational
education, with the implementation of the "Healthy China" strategy, relevant research has gradually increased. Wang
Hui and others analyzed the strategic opportunities and problems faced by the training of health-care tourism talents in
higher vocational colleges, and proposed to seize the window period of rapid development of the health-care industry to
improve the talent training plan. Ke Jie and others focused on the current status of health care professional construction
in Hainan, pointing out that the current level is mainly junior colleges [5], and the undergraduate level is in urgent need
of development, and the quality of technical and skilled personnel training needs to be improved in the integration of
industry, academia and research. Lin Yuting and others conducted a special study on the integration of industry,
academia and research in Hainan's health care vocational education, sorted out the problems of disconnection between
education and industry needs, insufficient enterprise participation, and lack of practical training resources, and proposed
strategies such as strengthening school-enterprise cooperation, optimizing curriculum settings, and promoting scientific
research transformation. Overall, domestic literature emphasizes that deepening the integration of industry and
education is the key to improving the quality of health care vocational education, and health care talents that meet
industry needs should be cultivated through collaborative innovation mechanisms.

Research on collaborative innovation and dual system model: "Industry-university-research collaborative innovation" as
an advanced form of industry-education integration has also attracted attention. Wang Haijun and others explained in
journals such as technology and economy that collaborative innovation emphasizes the complementary advantages and
resource sharing of innovation subjects such as universities, scientific research institutions, and enterprises, and build an
interest-aligned partnership to jointly carry out innovation activities. This concept originates from the "Triple Helix"
theory. Etzkowitz and Leydesdorff proposed that the collaborative interaction of universities, industries, and
governments can generate continuous innovation momentum [6]. Research on vocational education from the
perspective of collaborative innovation shows that school-enterprise-research collaboration can accelerate the
transformation of scientific and technological achievements into teaching content and enhance the ability of vocational
education to serve industrial development. Abroad, Germany's "dual system" vocational education model has been
widely studied for its successful experience. The "dual system" refers to the combination of practical training in
enterprises and theoretical learning in schools, and is jointly cultivated by enterprises and vocational schools. It is a
highly effective model for cultivating skilled talents. Research points out that Germany has about 350 nationally
recognized occupational standards, which are jointly formulated and implemented by the government and industry in
accordance with the law to ensure that the training standards are consistent with job requirements. As the main body of
training, enterprises bear about 2/3 of the training costs (equivalent to 15,300 euros per student per year) and regard the
training of apprentices as the best way to obtain skilled workers. Apprentices acquire skills and socialization abilities
that meet market needs by learning in real scenarios, thereby greatly improving their employment competitiveness. This
model has been successfully operated for a long time and is considered an important factor in maintaining the
competitiveness of Germany's manufacturing industry. Some domestic scholars have summarized the inspiration of the
"dual system" for my country's vocational education in the following aspects: strengthening the training model of
combining work and study, improving legal protection, increasing the enthusiasm of enterprises to participate, and
changing social concepts. In summary, Chinese and foreign literature provides reference for this study: deepening the

Volume 3, Issue 3, Pp 1-7, 2025



The optimization path of health care vocational education under the collaborative... 3

collaborative innovation of industry, academia and research is the general trend, and typical model experience (such as
Guiyang Health Vocational College and Germany's dual system) can provide useful ideas for the reform of health
vocational education.

3 THEORETICAL BASIS

This study is based on the collaborative innovation theory and school-enterprise cooperation theory. First, the
collaborative innovation theory of industry, academia and research explains the internal mechanism of collaborative
education of multiple subjects. The collaborative innovation theory believes that different subjects can form an
innovative force of "I1+1>2" through resource sharing and complementary advantages [7]. Specifically, in the
cooperation between industry, academia and research, enterprises, universities and scientific research institutions
establish a collaborative partnership based on aligned interests, and carry out innovation activities in accordance with
the principle of "cooperative research and development, sharing of results, and sharing of risks" to achieve
technological breakthroughs and joint training of talents. This theory emphasizes the importance of interest ties and goal
orientation, and provides guidance for building a long-term cooperation mechanism between schools, enterprises and
research institutes in the field of vocational education. Secondly, school-enterprise cooperation and dual education
theory are important supporting theories for vocational education. Modern vocational education theory emphasizes
experiential learning and work process orientation, requiring teaching content to connect with actual positions to
achieve alternating integration of learning and work. The German "dual system" model is based on this theory, which
gives equal weight to school education and enterprise training. On the one hand, schools provide systematic knowledge
and basic skills training [8]; on the other hand, enterprises provide practical training in real situations, and the two
complement each other. The dual education theory emphasizes legal and institutional guarantees, and ensures the stable
operation of cooperation by clarifying the responsibilities and interests of all parties. In the context of my country, the
new "Vocational Education Law" clearly states that vocational colleges should focus on the integration of production
and education, school-enterprise cooperation, and provide incentives for enterprises that are deeply involved. This
provides a legal basis for the implementation of "dual" education at the practical level. In short, the collaborative
innovation theory and the dual education concept together constitute the theoretical framework for analyzing the
problem in this article: the former focuses on the macro multi-subject collaborative mechanism, and the latter focuses
on the micro talent training model. The combination of the two is helpful to explore the optimization path of health care
vocational education from the two levels of institutional mechanisms and practical paths.

4 ANALYSIS OF THE CURRENT SITUATION OF PRACTICE IN XINYANG CITY

Xinyang City is located in the southern part of Henan Province. It is a populous city and an old district. The aging
situation is severe. The data of the seventh census shows that in 2020, the proportion of people over 65 years old in
Xinyang is 15.20%, which is higher than the national average; by the end of 2023, the number of people over 65 years
old in the city will exceed 1.015 million, accounting for 16.8% of the permanent population. At the same time,
Xinyang's health care industry has a certain foundation. Xinyang is famous for its ecological livability, has good
traditional Chinese medicine and hot spring health care resources, and is building a health care industry cluster featuring
elderly care, health preservation, and rehabilitation nursing. However, there is a shortage of local health care service
professionals, and grassroots medical and elderly care institutions are facing a "labor shortage", while many graduates
from vocational colleges have difficulty finding jobs, which reflects the mismatch between talent training and industrial
needs.

The Xinyang Municipal Municipal Government attach great importance to the connection between vocational education
and industrial needs, and regard "grasping vocational education is grasping development and people's livelihood" as a
consensus. In recent years, a series of policy documents have been issued to increase financial investment and promote
the reform of vocational education integration. The municipal government has listed the construction of "Xinyang
Vocational Education New City (Leishan Jiangu)" as a key project, integrating land and financial resources to create a
highland for industry-education integration. Leishan Jiangu Industry-Education Integration Vocational Education Park
takes the integrated development of "health care + research and study + tourism" as its concept, plans to build a health
care resort base, a research and study practice base, etc., and integrates health care industry elements into the vocational
education park, aiming to achieve the simultaneous layout of the education chain and the health care industry chain. In
addition, Xinyang is actively striving to become a national pilot city for industry-education integration. In March 2024,
it established the "Xinyang High-tech Zone Municipal Industry-Education Consortium", which will work together with
the government, schools, industries, and enterprises to establish professional committees such as industrial development,
school-enterprise cooperation, and technological innovation to explore the closed-loop mechanism of "demand
co-research - resource co-construction - results sharing".

Local vocational colleges represented by Xinyang Vocational and Technical College have made useful explorations in
the training of medical and health care talents in recent years. Vocational schools closely connect with the needs of local
health care industry upgrades and dynamically adjust their professional structures. In the past three years, new
health-related majors such as elderly care and management, medicinal diet therapy, etc. have been established, and
some redundant old majors have been eliminated, so that the matching degree between majors and regional industries
has reached 92%. The school has also been recognized as the first batch of Henan Province's healthy elderly care
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education and training bases and elderly care service talent training bases, and undertakes the provincial civil affairs
industry elderly care skills competition and other tasks, and the status of the regional health care talent training center
has been gradually established. The school actively expands cooperation with health care institutions. For example, it
co-established the "Health Care Industry College" with Xinyang Shengde Nursing Center and implemented the "1+1+1"
talent training model, that is, one year of on-campus learning, one year of corporate internship, and one year of post-job
training, focusing on the integration of theory and practice. This model allows students to hone their skills in the real
environment of nursing institutions, greatly improving the practical ability and employment willingness of graduates,
and more and more graduates stay in the local elderly care service industry for development. For example, the school,
the Municipal People's Hospital and the Shanghai Jiaotong University School of Medicine team jointly established the
"Dabie Mountain Aging Research Institute" to explore the "industry-university-research-medicine" collaborative
innovation model, carry out geriatric medicine and health care service research, and provide the latest scientific research
support for teaching. This is a beneficial attempt by universities, hospitals and scientific research institutions to jointly
educate people.

At present, Xinyang Vocational College has established cooperative relations with more than 290 enterprises, of which
251 are listed as off-campus internship bases, and 35 industry-education integration training bases have been built to
achieve full coverage of professional cooperation such as health care. The school and enterprises have jointly developed
47 courses, compiled 14 textbooks, sent thousands of teachers to each other for training, and promoted training forms
such as order classes and named classes, initially forming a virtuous cycle of "enrollment is recruitment, admission to
school is admission to the enterprise, and graduation is employment". For example, in cooperation with a nursing
enterprise, a "customized class" was opened, and students signed contracts to become prospective employees while in
school. The course content was customized according to job requirements, and they could start work after graduation,
which greatly improved the fit between talent training and job requirements. These measures have significantly
improved the quality and quantity of Xinyang's health care talent training. Overall, Xinyang City has made positive
progress in policy guarantees, school-enterprise cooperation platforms, and industrial college construction, but there is
still room for expansion in deepening collaborative innovation and improving the level of talent training.

5 EXISTING PROBLEMS

Although Xinyang City has achieved certain results in the integration of industry, academia and research in health and
wellness vocational education, there are still many shortcomings and challenges. These problems are universal to a
certain extent, which restricts the improvement of the quality of health and wellness talent training and needs to be
analyzed in depth:

The system and mechanism are not sound, and the synergy is insufficient. At present, the cooperation between schools,
enterprises and research is mostly carried out in the form of projects or agreements, lacking a stable and long-term
synergy mechanism. Schools and enterprises often operate independently, and due to the absence of effective
mechanisms for interest and risk sharing, it remains difficult to establish a stable and long-term cooperation framework.
For example, some cooperation remains at the level of short-term internship bases or order classes, lacking in-depth
equity cooperation or joint school-running mechanisms. Once the external environment changes, the cooperative
relationship is prone to loosening. In addition, there is a lack of a platform for overall coordination among multiple
subjects, and it is difficult to efficiently integrate resources between governments, colleges and universities, industry
organizations, and scientific research institutions, and the synergy of collaborative innovation has not yet been fully
stimulated.

The degree of enterprise participation is not high, and the connection between schools and enterprises is not tight.
Although the government has introduced incentive policies for industry-education integration enterprises, it has limited
appeal to local small and medium-sized health and wellness enterprises. Some health care enterprises are not very
enthusiastic about participating in vocational education, believing that the investment is slow to take effect and the cost
is high, so they lack motivation. This has led to the fact that school-enterprise cooperation is mainly concentrated in a
few demonstration enterprises, with a narrow coverage. The boundaries of rights and responsibilities between
enterprises and schools in talent training are not clear enough. Enterprises play more of a role of "cooperating to provide
internship places" and are not deeply involved in the teaching process. In Xinyang, there are limited large-scale health
care institutions in the local area. Enterprises participate in school-running mainly to provide training bases. There are
no cases of enterprises investing in co-building vocational colleges or leading professional construction, and a stable,
deeply integrated partnership between schools and enterprises has not yet been fully established.

The connection between majors and needs is not tight, and the course content and practical teaching need to be
optimized. On the one hand, the setting and level of health care majors need to be improved. At present, most health
care-related majors in Xinyang are set up at the higher vocational and secondary vocational levels, and undergraduate
talent training has not yet been carried out, which is insufficient in meeting the needs of high-end positions in the health
care industry. On the other hand, the curriculum system is not closely connected with the cutting-edge needs of the
industry. Some college courses still focus on theoretical teaching, and the content of courses such as elderly care and
new Chinese medicine rehabilitation is updated slowly, and the latest technologies and specifications have not been
absorbed in a timely manner. For example, emerging cross-cutting contents such as smart elderly care and rehabilitation
engineering are not covered enough in the curriculum. The more prominent problem is the weak practical teaching.
Although some internship bases have been established, due to the limitations of venues, equipment and management,
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students' practical opportunities and practice time are still insufficient, making it difficult to truly achieve the purpose of
training skills. Some practical trainings are reduced to simulation exercises and are out of touch with real nursing
situations. The practical teaching guidance force is also insufficient. The number of corporate mentors is limited and it
is difficult to invest energy in the long term, which affects the effectiveness of practical teaching.

"Dual-qualified" teachers and scientific research support are relatively weak. Health and wellness vocational education
requires a "dual-qualified" team of teachers who understand professional theories and have practical experience.
However, in reality, such teachers are scarce: medical nursing teachers mostly come from academic colleges and lack
front-line elderly care experience; and part-time teachers with industry backgrounds often lack teaching ability and find
it difficult to systematically undertake courses. The mechanism for full-time teachers to go deep into enterprises for
training is not sound, and the improvement of practical ability is limited. In addition, vocational colleges have weak
scientific research capabilities and it is difficult to transform scientific research results into teaching content. At present,
the cooperation between industry, academia and research institutes is mostly at the level of employment and training.
There are not many R&D platforms jointly built by schools and enterprises, and the channels for teachers and students
to participate in enterprise technological innovation are limited. This makes it difficult to integrate new technologies
and processes into the teaching content in a timely manner, and talent training cannot fully meet the needs of industrial
upgrading.

Talent training level and regional talent retention problem. The health care industry needs not only a large number of
front-line nursing staff, but also high-level compound talents such as medical, management, and social workers. At
present, Xinyang vocational colleges are mainly at the junior college level, and there is a lack of talent training at the
undergraduate level and above. The "ceiling" of health care talents in the region is relatively low, and high-end talents
mostly flow to developed areas. There is also a phenomenon of loss of local outstanding graduates, and they are not
willing to stay in grassroots nursing institutions for development. This is related to salary and benefits, and also reflects
that the local health care career development channel is not smooth, the talent promotion space is limited, and it is
impossible to attract and retain high-quality talents, thus forming a vicious cycle of "talent outflow and job vacancies".

6 COUNTERMEASURES AND SUGGESTIONS

Focusing on the above-mentioned problems, this study proposes the following path suggestions for optimizing health
care vocational education:

(1) Improve the industry-university-research collaboration mechanism and establish a stable and long-term cooperation
framework.Strengthen top-level design to promote effective alignment between colleges, enterprises, and research
institutions. It is recommended that the government take the lead in forming an industry-university-research
collaboration council or alliance, responsible for drafting a long-term cooperation charter to guide joint actions. Joint
projects should be established in key areas such as talent cultivation and technological innovation, enabling all parties to
share the outcomes and jointly bear the investment risks.For instance, the "school-enterprise joint venture" model may
be explored, in which enterprises contribute capital and equipment while schools provide venues and teaching staff,
with resource allocation and benefit-sharing mechanisms linked to the operational performance of the institution. This
model fosters an interest-aligned and mutually supportive partnership between schools and enterprises.In addition,
collaborative innovation platforms—such as health and wellness technology research centers and skill master
studios—should be established. Regular coordination meetings can be held to align talent training objectives with
industry development needs. Through institutionalized mechanisms, sustained and effective multi-stakeholder
collaboration can be achieved.

(2) Strengthen the role of enterprises as the main body and encourage in-depth participation in school-enterprise
cooperation. Actively implement the recognition and preferential policies for enterprises integrating industry and
education, and give priority to enterprises participating in school operation in terms of tax reduction and exemption,
financial subsidies, and financial credit. Establish evaluation indicators for enterprise participation in vocational
education, and include the number of practical training positions provided by enterprises, the number of times they
participate in course development, and the number of graduates received in the evaluation of corporate social
responsibility to enhance the enthusiasm of enterprise participation. Encourage large-scale health care institutions to
organize or participate in the organization of vocational schools, such as establishing health care vocational training
centers, senior citizen universities, or cooperating with universities to set up "enterprise order classes", and enterprises
will participate in the whole process of enrollment, teaching and assessment. Promote the training model of "enrollment
is recruitment, and admission to school is admission to enterprise". Give priority support to deep cooperation enterprises
in terms of land use, credit, etc., to form a win-win situation of "enterprises get talents, schools get resources, and
students get skills".

(3) Optimize the professional and curriculum settings and enhance the adaptability of talent training. Adjust the
professional layout according to the development trend of the health care industry, actively develop health care service
vocational undergraduate education on the basis of higher vocational education, and cultivate high-level skilled talents
in management, rehabilitation, and nursing. Establish a dynamically updated curriculum system and closely follow the
new standards and technologies in cutting-edge fields such as medical and nursing integration and smart health care.
Invite industry experts and excellent front-line nurses to participate in the compilation of textbooks and the formulation
of curriculum standards to ensure that the teaching content keeps up with actual needs. Promote modular curriculum
reform, decompose job skills into learning modules, and facilitate students' personalized improvement. Increase the
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proportion of practical courses and strictly implement the requirement of no less than 50% of practical teaching hours.
Expand the practical training conditions inside and outside the school, build a nursing practice center and rehabilitation
training room with real-life simulation, and regularly update the equipment to be close to the clinical and nursing sites.
Implement the work-study alternation training system, such as setting up a concentrated practice semester every
academic year, so that students can stay in hospitals and nursing institutions for long-term internships and improve their
skills in a real environment. Through the dual optimization of courses and practical links, the ability and quality of
graduates will be more in line with the requirements of health care positions.

(4) Strengthen the construction of a "dual-qualified" teaching staff and improve the ability to integrate teaching and
practice. Implement special plans to build a team of teachers with both theoretical level and practical experience. First,
promote the teacher enterprise practice system, and stipulate that teachers of health care majors in vocational colleges
must have a certain amount of time to work or practice in hospitals and nursing homes every 2-3 years to update their
industry experience. Give teachers treatment guarantees and subsidies during their enterprise practice to relieve their
worries. Secondly, recruit professional talents with rich experience in health care practice from the society as full-time
and part-time teachers, especially introducing industry masters and inheritors of intangible cultural heritage medicine in
the fields of nursing, rehabilitation, and traditional Chinese medicine. Schools can set up "industry professor" positions
or studios, flexibly introduce hospital head nurses, rehabilitation therapists, etc. as mentors, undertake practical training
guidance and course teaching. Secondly, schools and enterprises jointly build teacher training bases, regularly hold
training courses on new knowledge and new technologies in health care, and improve the professional level of teachers.
Schools and enterprise masters establish a "dual mentor system", teachers learn practical skills from enterprise mentors,
and enterprise masters learn teaching methods from teachers, so as to achieve mutual employment and mutual training.
Through these measures, teachers can understand both educational laws and industry practices, so as to better guide
students in teaching.

(5) Improve policy support and guarantees to create a good development environment. Government departments should
introduce supporting policies to provide support for the integration of industry, academia and research in health care
vocational education. First, funding guarantee: set up special funds to support vocational colleges and health care
enterprises and institutions to jointly build training bases, research and development centers, etc., and provide financial
support for the development of industry-university-research collaborative projects. Second, talent policy: give
preference to the employment of graduates from health care vocational colleges, such as grassroots employment
subsidies and career development promotion channels, to attract more outstanding talents to engage in elderly care
services. Public institutions are encouraged to recruit graduates of health care majors with advanced skills certificates to
enhance their career attractiveness. Third, evaluation and incentives: The results of industry-education integration will
be included in the quality assessment indicators of vocational colleges, and colleges with remarkable results will be
commended and given additional resources. A benchmark demonstration mechanism will be established to select
outstanding industry-education integration cooperation projects, outstanding teachers and corporate mentors, and create
an atmosphere of support for industry-university-research integration in the whole society. Fourth, legal guarantees:
Accelerate local legislation, such as formulating the "Regulations on Promoting Industry-Education Integration in
Xinyang City", clarifying the rights and responsibilities and incentives of each subject, and guaranteeing the
implementation of the collaborative education mechanism from a legal perspective. Through policy synergy, escort the
reform of health care vocational education.

In summary, optimizing health care vocational education requires multiple measures. Only by improving the
collaborative mechanism, stimulating corporate motivation, connecting with the industry to optimize teaching, building
a dual-teacher team and improving policy guarantees can a strong synergy of industry-university-research collaborative
innovation be formed, the quality of talent training can be continuously improved, and the talent needs for high-quality
development of the health care industry can be met.

7 CONCLUSION

In the era of collaborative innovation between industry, academia and research, health and wellness vocational
education has ushered in an opportunity period and a challenge period for quality development. Taking Xinyang City as
an example, this paper finds through empirical analysis that the local area has made certain progress in promoting
industry-education integration and school-enterprise cooperation, such as building a health and wellness
industry-education park, co-building an industrial college, and carrying out medical-education collaboration. However,
there are still prominent problems such as an imperfect coordination mechanism, weak enterprise participation, and
misalignment between teaching supply and industry demand. These problems are common across the country and
restrict the quality and scale of health and wellness skilled talent training.

In order to solve the above problems, this paper draws on the typical experience of Guiyang Health and Wellness
Vocational University and the German dual system model. The case of Guiyang Health and Wellness Vocational
University shows that vocational colleges must adhere to the characteristics of running schools and deepen the
integration of industry and education in order to cultivate high-quality technical and skilled talents in order to connect
with the emerging health and wellness industry. Its innovative measures such as the "Four Hundred Projects" and
"Three Integrations and Four Chains" are worth learning. The German dual system emphasizes the deep collaboration
between schools and enterprises and the combination of work and study under legal protection, providing us with a
mature paradigm. Based on comprehensive analysis, this paper proposes optimization path suggestions from the aspects
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of collaborative mechanism construction, enterprise main role, curriculum practice reform, teacher team construction
and policy support, striving to be targeted and operational.

Strengthening the collaborative innovation of industry, academia and research is of great significance to the high-quality
development of health care vocational education. On the one hand, it will effectively bridge the gap between education
supply and industry demand, cultivate sufficient, well-structured and high-quality health care service talents, and
alleviate the current talent shortage dilemma under the background of aging. On the other hand, it will help promote the
transformation and upgrading of vocational education itself, improve the school-running level and social service
capabilities through collaborative innovation, and achieve a benign interaction and win-win development between
vocational education and health care industry. Especially for old areas like Xinyang, the collaborative innovation health
care vocational education model can not only serve the local people's livelihood, but also cultivate new growth points
for the regional economy.

It should be pointed out that the collaborative innovation of industry, academia and research is a systematic project,
involving changes in policies, concepts and systems, and it cannot be achieved overnight. In practice, it should be
carried out step by step according to local realities, and experience should be summarized and strategies adjusted in a
timely manner. For example, we should first establish several pilot school-enterprise-research alliances, and gradually
promote them through pilot projects; we should focus on cultivating typical examples and give play to the benchmark
effect. In the process of promotion, the government, colleges, enterprises, and scientific research institutions should
update their concepts and work closely together to truly form a joint force for collaborative education. Only in this way
can we explore a path to optimize health and wellness vocational education with local characteristics.

In short, under the background of population aging and the Healthy China strategy, health and wellness vocational
education has great potential. Through collaborative innovation between industry, academia, and research, we are
expected to build a new ecology of vocational education with deep integration of industry and education, continuously
improve the fit between talent training and industrial development, and provide a steady stream of high-quality skilled
talents for the elderly cause and health and wellness industry. This is not only the due meaning of vocational education
serving national strategies and local development, but also the only way to achieve its own high-quality development.
The practice and exploration of Xinyang City provide us with a vivid example. Looking to the future, with the
improvement of relevant policies and the deepening of efforts of all parties, collaborative innovation between industry,
academia, and research will surely promote health and wellness vocational education to a new level on a larger scale
and at a higher level, and achieve the goal of high-quality development. The health care talent training system
established on this basis will provide solid talent guarantee and intellectual support for actively responding to the
challenges of aging and improving people's health and well-being.
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Abstract: Against the backdrop of the ‘New Engineering + New Liberal Arts’ initiative, universities are placing
increasing emphasis on cultivating interdisciplinary talents. In this context, the construction of a robust teaching quality
evaluation system for interdisciplinary programs integrating management and engineering has become particularly
crucial. This study analyzes the current challenges in the evaluation of such programs, including limited diversity of
evaluation subjects and methods, incomplete indicator systems, and weak mechanisms for feedback and improvement.
To address these issues, a framework for a multi-dimensional, improvement-oriented evaluation system with broad
stakeholder participation is proposed. The framework emphasizes the involvement of multiple stakeholders, the
development of a comprehensive indicator system that reflects the characteristics of management—engineering
integration, and the enhancement of scientific rigor and inclusiveness in evaluation. Moreover, the study focuses on
optimizing the operational mechanism by standardizing procedures and strengthening data management. By
establishing a systematic feedback loop and a process of continuous improvement, the framework enables closed-loop
management of teaching quality and dynamic optimization of program development. This research provides a
theoretical foundation and practical reference for building a scientific, reasonable, and highly operable teaching quality
evaluation system.

Keywords: New Engineering; New Liberal Arts; Management—engineering Interdisciplinary programs; Teaching
quality; Evaluation system

1 INTRODUCTION

The Ministry of Education of China, in its Opinions on Deepening Undergraduate Education and Teaching Reform to
Fully Enhance the Quality of Talent Cultivation, emphasizes the need to improve the internal teaching quality
evaluation systems in universities and to establish a full-process, multi-dimensional evaluation and assurance system for
higher education quality [1]. Under the construction of the ‘Double New’ initiative—namely, New Engineering and
New Liberal Arts—interdisciplinary talent cultivation has become a major trend in higher education. A growing number
of interdisciplinary programs have emerged, among which management—engineering interdisciplinary programs are
particularly prominent. These programs address the increasing demand for cultivating compound talents [2]. Integrating
knowledge systems from management science and engineering technology, such programs emphasize the development
of systems thinking, decision-making capabilities, and engineering practice skills. They are designed to tackle complex
coordination problems between management and technology, and play a key role in supporting the digitalization and
intelligent transformation of industries [3].

In recent years, to enhance the adaptability and forward-looking nature of talent cultivation, universities have
continuously promoted curriculum reform and pedagogical innovation. Initiatives such as ideological and political
education embedded in courses, project-based learning, and practice-oriented teaching have been strengthened.
However, the evaluation systems for teaching quality remain fragmented and lag behind these reforms [4, 5]. In 2021,
the Central Committee of the Communist Party of China and the State Council issued the Overall Plan for Deepening
the Reform of Education Evaluation in the New Era, which explicitly called for overcoming entrenched problems such
as excessive emphasis on test scores, academic credentials, paper publication, and academic titles. The plan advocates
for the construction of a multi-dimensional and multi-level education quality evaluation system [6]. Against the
backdrop of the rapid development of emerging industries such as engineering management, smart agriculture, and
intelligent manufacturing, management—engineering interdisciplinary programs are tasked with cultivating high-quality,
interdisciplinary talents for these sectors. Consequently, the demands for comprehensive and rigorous evaluation of
educational quality in such programs have become increasingly urgent [7].

Although the curriculum structure and instructional content of management—engineering interdisciplinary programs
have been continuously optimized, their teaching quality evaluation systems still rely heavily on traditional quantitative
indicators. Such approaches fall short in capturing the diversity of teaching processes and aligning with the objectives
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of cultivating interdisciplinary talents. There is an urgent need to establish a diversified evaluation system that is
aligned with the disciplinary characteristics and talent development goals of these programs. A teaching quality
evaluation system constitutes a core component of higher education quality assurance mechanisms. It serves as a critical
tool for driving teaching reform, supporting faculty development, optimizing curriculum design, and promoting student
growth. A scientifically sound and well-structured evaluation system can facilitate multi-stakeholder participation,
continuous improvement, and multidimensional feedback, thereby advancing the shift in talent cultivation from
‘teaching well’ to ‘learning well’.

Taking typical management—engineering interdisciplinary programs such as Industrial Engineering and Information
Management as examples, the teaching process often covers multiple dimensions, including decision modeling, system
optimization, project management, and data analysis. These areas require a comprehensive assessment of students’
knowledge acquisition, practical skills, innovative thinking, and teamwork capabilities. However, in practice, teaching
evaluation is still predominantly centered on exam-based assessments, which neglect the multidimensional nature of
instructional objectives and the holistic development of students’ competencies. As a result, evaluation outcomes fail to
effectively reflect teaching quality or support the development of diverse student abilities, thereby hindering further
improvements in talent cultivation quality.

Therefore, it is essential to base the construction of a scientific, systematic, and diversified teaching quality evaluation
system on the compound talent cultivation objectives of management—engineering interdisciplinary programs. This
system aims to establish a closed-loop of ‘teaching—evaluation—improvement’ to facilitate the continuous enhancement
of teaching quality. The framework encompasses diverse evaluation stakeholders and multidimensional evaluation
indicators, forming a multi-level evaluation mechanism jointly involving teachers, students, employers, and academic
administrators. This study focuses on management—engineering interdisciplinary programs to explore the construction
pathways and practical mechanisms of a multi-dimensional teaching quality evaluation system, with the goal of
providing theoretical support and practical reference for optimizing professional education quality assurance systems.

2 EXISTING PROBLEMS IN THE TEACHING QUALITY EVALUATION SYSTEM FOR MANAGEMENT
- ENGINEERING INTERDISCIPLINARY PROGRAMS

Under the multidisciplinary integration background of the ‘New Engineering’ and ‘New Liberal Arts’ initiatives,
management—engineering interdisciplinary programs have been continuously developing and expanding, thereby
placing higher demands on teaching quality assurance mechanisms. However, current practices of teaching quality
evaluation in universities still face multiple constraints, which hinder their effectiveness in supporting the cultivation
goals of compound talents. These challenges can be summarized in the following three aspects:

2.1 Limitations of Evaluation Stakeholders and Methods

Currently, the majority of universities still rely primarily on administrative authorities to lead teaching quality
evaluation, supplemented by student surveys and teacher self-assessments. This results in a relatively singular set of
evaluation stakeholders, lacking collaborative participation from diverse perspectives. Particularly in
management—engineering interdisciplinary programs, where course content spans multiple disciplinary fields of
management and engineering, a unidimensional evaluation approach fails to fully capture the professional complexity
and practice-oriented nature of instruction. Moreover, evaluation methods mostly depend on paper-based surveys and
fixed templates, lacking process-oriented, dynamic, and multi-scenario integrated tools, which impedes accurate
identification of teaching effectiveness and students’ competency development trajectories.

Although the Ministry of Education has proposed a ‘1+3+3’ multi-dimensional evaluation framework in the latest
undergraduate education teaching audit and evaluation, comprising a core self-assessment report, process reports such
as undergraduate teaching status, current student and faculty experience, and outcome reports including graduate
employment and employer feedback—covering perspectives from institutions, teachers, students, and enterprises—most
universities remain under predominantly administrative control in actual implementation [8]. Chinese education scholar
Xiong Bingqi pointed out in his educational commentary that current student evaluations of teaching exhibit clear
formalism in both institutional design and operation. Teachers often adjust course content and methods to cater to
students and obtain higher evaluation scores, causing evaluations to be ‘more symbolic than substantive,” and even
degenerating into ‘tools for student punishment or reward of teachers,” severely deviating from the original intention of
improving teaching quality [9]. Teaching quality evaluation has yet to achieve deep integration among students, faculty,
and industry stakeholders. Furthermore, the methods lack dynamic process evaluation mechanisms, making it difficult
to comprehensively capture the effectiveness of interdisciplinary talent cultivation.

2.2 Evaluation Indicators Overlook the Characteristics of Disciplinary Integration

Traditional teaching quality evaluation indicator systems are mostly based on single-discipline frameworks and lack
sensitivity to the unique features of interdisciplinary programs. For management—engineering interdisciplinary
programs, teaching emphasizes knowledge integration, systems thinking, and comprehensive decision-making abilities.
However, current indicators predominantly focus on knowledge mastery and classroom performance, neglecting critical
dimensions such as interdisciplinary competencies and engineering management literacy. Consequently, the evaluation
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outcomes become disconnected from talent cultivation objectives, failing to effectively guide curriculum reform and
pedagogical innovation.

Existing indicators often emphasize broad macro-level dimensions highlighted in general university assessments, such
as social demand adaptability, resource adequacy, and student satisfaction. Yet, management—engineering
interdisciplinary programs place greater importance on capabilities like systems thinking, project-driven learning, and
interdisciplinary collaboration, which are either weakened or overlooked in the current indicator frameworks. Allen F.
Repko, a leading scholar in interdisciplinary education theory in the United States, proposed a systematic theory of
interdisciplinary research, emphasizing that interdisciplinary education should focus on integrating perspectives from
different disciplines. This integration fosters the holistic development of students’ systems thinking, problem-solving
abilities, and collaborative skills through knowledge fusion [10]. Therefore, the existing indicator systems urgently
require expansion and optimization from the perspective of disciplinary integration to better serve the talent cultivation
goals of interdisciplinary programs.

2.3 Inadequate Feedback and Improvement Mechanisms in Evaluation

The ultimate purpose of teaching evaluation is to support instructional improvement and enhance quality. However, in
the current system, evaluation results are often used primarily as criteria for faculty assessment and professional title
promotion, lacking effective feedback mechanisms and support tools. Consequently, teachers find it difficult to obtain
targeted recommendations for improvement. At the same time, academic management departments have yet to establish
systematic follow-up and improvement procedures, and there is a lack of data-driven continuous optimization
mechanisms. This culture of ‘result-oriented but process-weak’ evaluation restricts the dynamic enhancement of
teaching quality and the establishment of a virtuous cycle.

The final goal of evaluation is to promote ‘closed-loop improvement.” The Ministry of Education’s latest undergraduate
education teaching audit and evaluation framework explicitly calls for the construction of a full-process teaching quality
closed loop centered on ‘admission—cultivation—employment,” supported by mechanisms such as ‘accountability
tracking” and ‘review inspections’ to strengthen rectification implementation and supervision of outcomes [11, 12].
However, despite the comprehensive design of these systems, there remain significant gaps in practical implementation.
Educational researcher Zhang Haojun pointed out that formative evaluation mechanisms in current university course
assessments are still incomplete, lacking systematic feedback and improvement stages, making it difficult to achieve the
‘evaluation—feedback—improvement—re-evaluation’ closed-loop teaching reform process [13]. The failure of teaching
evaluation to effectively support teaching capacity building and curriculum optimization, combined with the absence of
robust feedback and continuous support systems, has become a critical bottleneck for improving teaching quality.

3 CONSTRUCTION AND IMPLEMENTATION PATHWAYS OF A MULTI-DIMENSIONAL TEACHING
QUALITY EVALUATION SYSTEM FOR MANAGEMENT - ENGINEERING INTERDISCIPLINARY
PROGRAMS

With the continuous development and deepening of management—engineering interdisciplinary programs, the traditional
single-dimensional evaluation model can no longer meet the demands of disciplinary integration and compound talent
cultivation. Therefore, constructing a scientific and systematic multi-dimensional evaluation system has become a key
link in ensuring teaching quality and promoting talent development. Based on the characteristics of these programs and
the aforementioned existing evaluation challenges, the construction and implementation of a multi-dimensional teaching
quality evaluation system should follow the following four core pathways:

3.1 Diversified Design of Evaluation Stakeholders

In recent years, the field of educational evaluation has increasingly emphasized the participation of multiple
stakeholders, encouraging involvement from teaching administrators, faculty teams, individual students, and employers
to form a more comprehensive and objective evaluation perspective. Multi-stakeholder participation in evaluation helps
to understand teaching quality from various angles, promotes coordinated development among parties, and avoids the
limitations caused by a single viewpoint.

Currently, some institutions still limit their evaluation stakeholders to school administration and student evaluations,
lacking effective participation from industry-related stakeholders such as employers. This results in a narrow scope of
evaluation information that fails to meet the needs of interdisciplinary programs [14]. Educational researcher Zhang
Quanhong, in his analysis of university faculty evaluation mechanisms, pointed out that overly singular evaluation
stakeholders—mainly relying on teaching and research groups and school administration—neglect the involvement of
students, parents, and teachers themselves. This leads to one-sided results that cannot comprehensively and
authentically reflect teaching quality [15]. Particularly for management—engineering interdisciplinary programs, the lack
of multi-stakeholder participation restricts comprehensive monitoring and dynamic optimization of teaching quality.
Due to their disciplinary integration and strong applied nature, these programs require broad stakeholder involvement,
especially feedback from industry enterprises, which plays a crucial role in adjusting talent cultivation plans and
optimizing curriculum content. Multi-stakeholder participation not only enriches the evaluation perspective but also
promotes deep integration of industry and education, thereby enhancing the quality of talent cultivation.
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This study proposes constructing an evaluation stakeholder system centered on ‘multi-stakeholder collaborative
participation,” encompassing a multi-level and multi-dimensional network of teachers, students, administrators, and
employers. Teacher evaluation not only focuses on classroom teaching effectiveness but also integrates peer review and
teaching achievement demonstrations, reinforcing multi-faceted scrutiny of professional connotations and instructional
methods. Student evaluation covers learning attitudes, engagement, and self-reflection, fostering student agency and
self-improvement. Administrator evaluation emphasizes the implementation of teaching management policies and
resource assurance, ensuring institutional support and enforcement for evaluation. Employers, as key providers of
industry practice feedback, participate in evaluating talent cultivation plans and curriculum design to ensure alignment
between teaching content and industry demands. Through the collaborative interaction of multi-level and
multi-dimensional stakeholders, a scientific, comprehensive, and operational evaluation stakeholder system is
established, laying a solid foundation for teaching quality assurance in management—engineering interdisciplinary
programs.

3.2 Diversified Design of Evaluation Stakeholders

With the evolution of educational philosophies, evaluation indicators have gradually expanded to encompass multiple
dimensions such as competency development, process management, and learning attitudes, aiming to reflect students’
comprehensive qualities and developmental potential. Traditional teaching quality evaluation indicator systems have
primarily focused on knowledge mastery, emphasizing the transmission of theoretical knowledge and assessment
through examination scores, but have neglected systematic assessment of students’ comprehensive abilities and
practical application skills.

Existing indicator systems often fail to capture the disciplinary integration and compound competency requirements of
management—engineering interdisciplinary programs. They lack indicators tailored to the intersection of management
and engineering, rendering them unable to accurately evaluate students’ interdisciplinary collaboration skills, systems
thinking, and practical operational abilities. This deficiency undermines the relevance and effectiveness of evaluations
[16]. Particularly when addressing complex project management and technological integration tasks, the compound
qualities required of students are difficult to assess effectively through traditional single-dimensional indicator systems.
Furthermore, differences in understanding of evaluation dimensions among faculty from various disciplinary
backgrounds further weaken the scientific validity and comparability of teaching evaluations in such programs.
Therefore, the teaching quality evaluation indicator system for management—engineering interdisciplinary programs
should emphasize characteristics of disciplinary integration, strengthening multi-dimensional measurement of students’
interdisciplinary abilities, comprehensive qualities, and practical application skills, in order to enhance the scientific
rigor, relevance, and guiding value of evaluation outcomes.

This study designs an evaluation indicator system covering four dimensions: knowledge mastery, skill application,
management capability, and attitudinal performance. Core indicators are refined to include interdisciplinary theoretical
integration ability, engineering practical operation competence, project management skills, and innovation and
entrepreneurship awareness. Within the knowledge mastery dimension, emphasis is placed on assessing students’
understanding and integration of core theories in management and engineering. The skill application dimension focuses
on evaluating students’ proficiency and innovation in engineering practice and technical application. The management
capability dimension concentrates on the cultivation and evaluation of comprehensive qualities such as project
management methods, teamwork, and resource allocation. The attitudinal performance dimension highlights the
development of learning attitudes, professional responsibility, and innovation and entrepreneurship awareness. By
refining these core indicators, the study constructs a multi-dimensional evaluation framework that is both scientifically
rigorous and well-aligned with the compound talent cultivation requirements of management—engineering
interdisciplinary programs.

3.3 Operational Mechanism and Process Design of the Evaluation System

A well-established evaluation system operational mechanism requires a scientific evaluation process encompassing
stages such as preparation, implementation, result analysis, and feedback. Each phase should have clearly defined
standards and responsibilities to ensure that the evaluation work proceeds in a systematic and standardized manner.
Traditional mechanisms often rely on unidirectional evaluation with a singular process, making it difficult to form an
effective closed loop, thereby limiting the practical application of evaluation outcomes. Within the operational process,
phase-specific documentation of teaching behaviors and student learning processes, as well as formative diagnostics,
are frequently neglected, leading to a disconnect between feedback and subsequent application.

Currently, the operational mechanisms of evaluations in most universities lack standardization, transparency is
insufficient, data collection and processing are delayed, and evaluation information is siloed, which significantly
hinders the role of evaluation in promoting instructional improvement [17]. Various types of evaluation data are often
managed separately, failing to achieve effective linkage and integrated utilization across different evaluation
dimensions. Moreover, teachers and students have limited trust in evaluation data, restricting its application value in
teaching adjustments and resource allocation. The evaluation system for management—engineering interdisciplinary
programs should break away from traditional single-process evaluation and build a dynamic, multi-stage evaluation
mechanism that strengthens the monitoring and adjustment capabilities throughout the entire course implementation.
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Reasonable phase-specific evaluation nodes should be established, leveraging digital tools to enhance evaluation
efficiency and accuracy, thereby improving the system’s real-time responsiveness and operational effectiveness. The
focus of mechanism design should be on constructing a closed-loop process throughout the entire cycle, rather than
solely emphasizing result feedback, with systematized management aimed at enhancing the organizational effectiveness
of evaluation operations.

This study constructs a standardized, clearly defined full-process closed-loop evaluation mechanism and proposes
establishing a comprehensive evaluation system covering course design, classroom teaching, student learning, practical
training, and graduation quality. The course design phase assesses the rationality of teaching objectives and content,
ensuring a scientifically structured curriculum and a complete knowledge system. The classroom teaching phase focuses
on dynamic monitoring of teaching methods, classroom interaction, and instructional effectiveness. The student
learning process is continuously tracked through multi-dimensional indicators such as stage-based assessments, learning
attitudes, and engagement levels. The practical training phase emphasizes comprehensive evaluation of abilities
developed through experiments, internships, and project practices. The graduation quality phase centers on the
summative assessment of students’ comprehensive qualities, professional competencies, and innovative practice
outcomes. Through systematic integration and data sharing across these phases, real-time feedback and multi-level
analysis of evaluation information are achieved, ensuring scientific regulation and continuous optimization of the
teaching process, effectively promoting the enhancement of talent cultivation quality in management—engineering
interdisciplinary programs.

3.4 Feedback and Continuous Improvement Mechanism for Evaluation Results

The feedback and improvement of evaluation results are critical components for ensuring the continuous enhancement
of teaching quality. Modern teaching evaluation theory emphasizes a ‘evaluation—feedback—improvement’ closed-loop
mechanism, whereby evaluation outcomes guide instructional strategy adjustments to improve teaching effectiveness.
Unlike the operational mechanism that focuses on ‘how to evaluate,” the key aspect of the feedback mechanism lies in
‘how to utilize’ the results—specifically, how to effectively transform outcomes into drivers for teaching reform and
faculty development.

In practice, teaching evaluations often remain at the stage of result publication, lacking effective feedback channels and
improvement measures. Consequently, evaluation results fail to sufficiently translate into enhanced teaching capabilities
and motivation for curriculum reform, resulting in the loss of evaluative value [18]. Evaluation results should be
detailed down to course modules and individual instructors, and interpreted multidimensionally according to different
disciplinary backgrounds, with targeted recommendations for improvement. The application of results should
encompass multiple levels, including adjustments to teaching content, updates to instructional methods, and guidance
for student learning. For management—engineering interdisciplinary programs, establishing a robust feedback
mechanism is particularly important. By integrating faculty development plans and student growth portfolios, the
mechanism ensures efficient alignment between evaluation content and talent cultivation objectives, promoting the
establishment and implementation of multidimensional improvement pathways.

This study constructs a continuous improvement mechanism integrating feedback, supervision, and incentives to foster
a virtuous cycle of ‘evaluation guiding teaching, and teaching promoting evaluation,” ensuring the steady and sustained
enhancement of teaching quality in management—engineering interdisciplinary programs. Through the establishment of
scientific feedback channels, timely communication and effective application of evaluation results are realized, enabling
teachers and administrators to adjust teaching strategies and improve instructional practices accordingly. A supervision
mechanism is set up to clarify responsibility allocation and timeline checkpoints, ensuring that improvement measures
are implemented as planned and progress is continuously maintained. Simultaneously, an incentive mechanism is
developed to stimulate faculty engagement in teaching quality enhancement through recognition of outstanding
educators and rewards for innovative teaching projects. The coordinated interplay among feedback, supervision, and
incentives provides institutional support and practical pathways for the effective transformation of teaching quality
evaluation results and precise allocation of educational resources.

4 CONCLUSION

This study focuses on the developmental needs of management—engineering interdisciplinary programs under the dual
‘New Engineering’ and ‘New Liberal Arts’ context, grounded in the objective of cultivating compound talents. It
systematically reviews and analyzes prominent issues in current teaching quality evaluation systems, including the
singularity of evaluation stakeholders and methods, limitations of evaluation indicators, and the absence of effective
feedback mechanisms. In response to these challenges, the study proposes a multi-dimensional teaching quality
evaluation framework tailored to the characteristics of management—engineering interdisciplinary programs, along with
its implementation pathways.

The research constructs a diversified stakeholder structure involving students, teachers, industry experts, and
administrators; proposes a multi-dimensional indicator system centered on knowledge mastery, skill application,
management capability, and attitudinal performance; designs a standardized, clearly defined full-process closed-loop
evaluation mechanism; and establishes a feedback and continuous improvement mechanism. The study achieves
systematic optimization of teaching evaluation from structural, content, and procedural perspectives, providing
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theoretical support and practical pathways to enhance talent cultivation quality and teaching management effectiveness
in management—engineering interdisciplinary programs.

The constructed multi-dimensional evaluation system balances scientific rigor, relevance, and sustainability, not only
addressing the practical demands of quality assurance in higher education teaching but also offering theoretical
foundations and practical approaches for optimizing the talent cultivation model in management—engineering
interdisciplinary programs. Future research can undertake empirical studies and application promotion at the university
level, integrating specific program contexts to further enrich the system’s connotations, refine indicator settings, and
continuously drive teaching quality enhancement and disciplinary development.
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Abstract: This article outlines a progressive approach to cultivating innovative and entreprencurial talents, focusing on
stimulating interest, discovering potential, forming teams, becoming key members, and ultimately becoming core
members. It also integrates courses such as college student employment guidance, career planning, and policies to offer
general courses in innovation and entrepreneurship, thereby enriching students 'foundational skills in these areas. The
article addresses three core issues in the development of these general courses: the disconnection between course
content and professional scenarios, insufficient depth in teaching, and a monolithic evaluation system. To tackle these
challenges, the article proposes a model for constructing general courses in innovation and entrepreneurship education,
known as' dual-teacher, three-stages, four-steps, five-evaluations. 'This model involves school-enterprise collaboration
in developing teaching resources, dual-teacher co-teaching to create a professional atmosphere, three-stages and four-
steps classroom instruction, and five-evaluations to enhance educational outcomes. By optimizing the resources for
general courses in innovation and entreprencurship, this approach enhances students' practical skills, supports the
reform of the 'three teachings', and achieves a talent cultivation model for innovation and entrepreneurship that is
aligned with professional scenarios.

Keywords: Double innovation general education course construction mode; Phased course setting; Course evaluation
system; School-enterprise "double teacher" education

1 INTRODUCTION

Drawing on the experiences from competitions such as the China International College Students Innovation
Competition, the Shanghai Vocational College Students Innovation and Creativity Competition, the National College
Students Market Research and Analysis Competition, and the National Digital and Intelligent Enterprise Operation
Simulation Competition, we have introduced a general course on innovation and entrepreneurship. This course
integrates core competency courses with professional courses, creating a comprehensive innovation and
entrepreneurship education chain that covers 'inspiration, creativity, team building, and entrepreneurial practice'. By
integrating professional courses with innovation and entrepreneurship education, we introduce relevant content and
resources into the curriculum to create a system that combines professional competence courses with innovation and
entrepreneurship content, thus forming an integrated general course system. This approach aims to not only equip
students with core competencies in various majors but also enable them to apply their knowledge in real-world
scenarios. Therefore, the major places significant emphasis on cultivating innovation and entreprencurship skills,
focusing on three key areas: how to develop application-oriented general courses, how to build a teaching model that
fosters comprehensive skills, and how to create a classroom atmosphere that aligns with professional scenarios.
Through collaboration with enterprises and joint training, students will become proficient in mastering core
competencies, familiar with application scenarios, and well-versed in the professional workplace environment, thereby
forming a comprehensive set of skills that integrate theory, practice, and professional competence[1-2].

How can we develop a general course on innovation and entrepreneurship tailored to specific application scenarios? The
scope of innovation and entreprencurship education is broad, spanning various industries with significant overlap.
However, there is currently no unified model for its development. Existing courses lack focus on the key scenarios of
Shanghai as an 'International Digital City', making it difficult for students to establish a clear connection between
technology, scenarios, and job positions. There is an urgent need to align with the key scenarios that drive Shanghai's
economic development, leveraging the unique features of Shanghai's innovation and entrepreneurship education, to
create courses that are directly applicable to real-world scenarios. This article aims to enhance the teaching capabilities
and qualities of existing professional course instructors in innovation and entrepreneurship, encouraging them to
actively integrate cutting-edge technological advancements, the latest research findings, and practical enterprise
experiences into their professional courses. This will continuously improve the integration of professional and
innovation and entrepreneurship education[3-4].

How can we develop a curriculum model that fosters comprehensive skills? The core courses and content of the IoT
integrated high school program are characterized by their strong theoretical and comprehensive nature. Therefore, all
core courses at the Shanghai Advanced Technical School's IoT integrated high school program have achieved 100%
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integration of theory and practice, with nearly 50% of the course content dedicated to practical training. However, due
to a shortage of specialized training and operational instructors, it is challenging to further increase the proportion of
practical content in the curriculum structure, leading to a bottleneck in course optimization. This situation makes it
difficult to overcome the challenge of knowledge instruction as the main focus, fragmented skill training. 'There is an
urgent need to collaborate with partner enterprises to jointly enhance students' knowledge, skills, and overall qualities.
How can we create a classroom atmosphere that aligns with professional settings? Students will eventually enter the
workforce and become professionals. To prepare students for their future careers, it is essential to replicate real-world
workplace processes, such as project management, task execution, and outcome evaluation, by integrating these
elements into the classroom through collaborative efforts between schools and enterprises. For instance, when students
start working, they often interact most with supervisors, mentors, and colleagues. Transforming these workplace roles
into educational roles is a critical aspect of professional development[5-6].

2 THE CONSTRUCTION METHOD OF GENERAL EDUCATION COURSES FOR INNOVATION AND
ENTREPRENEURSHIP BASED ON TWO TEACHERS, THREE STAGES, FOUR STEPS AND FIVE
EVALUATIONS

2.1 Model Refinement

Based on the characteristics of courses in innovation and entrepreneurship education, schools and enterprises have
collaborated to develop a structured model for general education courses in this field. This model features dual-subject
entities, three-stage capability progression, four-step standard implementation, and five-dimensional value-added
evaluation. Together, they have developed a series of replicable paradigms for engineering courses based on real-world
scenarios, industrial equipment, and actual projects, which are suitable for both innovation and entrepreneurship courses
and cross-scenario skill development

2.2 Specific Practices

2.2.1 Joint construction between schools and enterprises to create teaching resources

Focusing on the 'life' scenarios in Shanghai's' International Digital Capital 'development, the team behind the innovation
and entreprencurship (I&E) course has collaborated with companies operating in Shanghai's communities, supermarkets,
and municipal sectors. They have established various scenario-based training labs, incorporating real-world cases from
these enterprises. This initiative aims to create practical learning environments and teaching resources tailored to
specific application scenarios within the I&E general education courses. The team regularly invites industry experts and
I&E service providers to campus as corporate mentors, attracting a wide range of talented individuals from different
sectors to participate in 'Entrepreneur on Campus' activities. These activities introduce students to corporate networks,
entrepreneurial experiences, and provide insights into entrepreneurship policies, corporate projects, industry news,
innovation experiences, and practical opportunities.

2.2.2 Dual teachers in the same hall to create a professional atmosphere

Based on the characteristics of teaching in schools and enterprises, both parties focus on their respective strengths to
conduct teaching activities. Schools, through internal training and external recruitment, dispatch 'dual-qualified'
professional teachers with vocational skill certificates and introduce entrepreneurship and innovation guidance teachers
from enterprises, forming a team of 'professional teachers + enterprise-introduced entrepreneurship and innovation
guidance teachers' to build knowledge systems and teach basic skills. Enterprises, on the other hand, send technical
supervisors, senior engineers, or experienced mentors who students are most likely to encounter when they first enter
the workplace, to design scenario-based tasks and impart job norms. In the classroom, these real-world professionals
create a professional atmosphere by assuming real roles, helping students transition from 'students' to 'professionals’.

At the same time, we will closely track professional graduates and explore outstanding alumni in the field of enterprise
work, innovation and entrepreneurship. They will return to school with "projects" and stories to serve "senior students",
share their own career choices and development, entrepreneurial history and stories, attract outstanding students to
participate in mature entrepreneurial projects, and form a benchmark effect among professional students.

2.3 Design the Course Teaching in Three Steps and Four Steps

Based on BOPPPS model, the construction mode of professional training courses for Internet of Things is constructed,
and the courses are divided into three stages and four teaching steps.

2.3.1 Stage 1: Knowledge learning driven by problems

This stage includes knowledge learning, which corresponds to the four elements of import, target, pre-test and
participation in BOPPPS model.

Step one: Knowledge learning is primarily the responsibility of professional teachers. They introduce situational
questions related to the task, guiding students to clarify teaching objectives, conduct pre-reading tests, and complete
knowledge instruction relevant to the task. Situational questions serve as the introduction, presenting real-world
problems to create a specific scenario that sparks students' curiosity. Learning objectives are set to reflect the
requirements and standards for this task, distinguishing them from those in the skill practice phase. Pre-reading tests,
which involve watching micro-lesson videos and completing pre-class assessments, help students review the previous
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course material and their existing knowledge. Knowledge instruction, through methods such as storytelling, discussions,
and Q&A sessions, covers new knowledge, preparing students for skill learning and deepening their skills.

2.3.2 Stage 2: Skill practice driven by tasks

This stage includes skill learning and skill deepening, corresponding to the participating elements of the BOPPPS model.
The second step of skill learning is primarily managed by teachers from the Innovation and Entrepreneurship program.
Through teacher demonstrations and student operations, students are guided to 'follow the example' in completing core
tasks. This step not only encourages students to experiment with new innovations but also emphasizes their
understanding and application of 'new knowledge' acquired during the learning phase, helping them build a framework
of knowledge and skills related to the current innovation task.

The third step, which deepens skills, is primarily managed by the company. The technical supervisor uses methods such
as project kick-off meetings and briefings to clearly outline the work objectives for students. Senior engineers, serving
as mentors, provide guidance and support to students in completing innovative tasks in groups. This step requires
students to integrate the new knowledge and skills gained during the knowledge and skill learning phases, while also
reviewing their previous knowledge. By integrating both new and old knowledge and skills into a cohesive capability
structure, this process aims to expand and enhance students' innovation capabilities.

2.3.3 Stage 3: quality improvement in flipped classroom

This stage includes task reporting, involving two elements of post-test and summary in BOPPPS model.

The fourth step involves the task presentation, primarily led by the company's technical director, conducted in a flipped
classroom format, such as a roadshow or Q&A session. Students are divided into groups and take turns to present their
work progress on the tasks assigned, following the presentation format provided by the technical director. Four teachers
form the Q&A panel, asking questions to the presenting students in turn, and the technical director provides feedback
and summaries for each group. The group Q&A session serves as a post-test to assess students' mastery of knowledge
and skills; the technical director's feedback and summary serve as a summary, providing an opportunity for both
teachers and students to reflect together, enhancing their engagement in subsequent teaching and learning activities.

2.4 Five Evaluations to Improve the Effectiveness of Education

The Overall Plan for Deepening the Reform of Education Evaluation in the New Era, issued by the CPC Central
Committee and The State Council, points out that we should improve the result evaluation, strengthen the process
evaluation, explore the value-added evaluation, and improve the comprehensive evaluation. In professional innovation
and entrepreneurship teaching, the main implementation is the process evaluation, value-added evaluation and result
evaluation.

Procedural evaluation occurs during the stages of knowledge acquisition and skill practice. The first evaluation, which
takes place in the first step of knowledge acquisition, primarily assesses students 'mastery of the material. This step
utilizes the evaluation functions of digital teaching platforms to integrate self-assessment, peer assessment, machine
assessment, and teacher assessment. The second evaluation, which occurs in the second step of skill practice, focuses on
evaluating students' initial and basic skill application. Since this step does not involve group work, self-assessment and
teacher assessment are primarily used. The third evaluation, which takes place in the third step of skill practice, assesses
students' ability to apply their learned skills in practical scenarios. This step, involving group work and team
collaboration, includes self-assessment, peer assessment, and teacher assessment.

The skill deepening phase of the dual-ability practice differs from the previous steps in that it includes a value-added
evaluation, marking the fourth evaluation. This evaluation primarily assesses students 'application of' old knowledge
'and skills related to the current task, based on the content covered in the preceding lessons and courses. It evaluates
students' skill growth and changes, using self-assessment, peer assessment, and teacher assessment. Considering the
impact of the Ebbinghaus forgetting curve on learning outcomes and the fact that skill acquisition typically relies on
deliberate practice, we intentionally incorporated students' previous learning content into the practical tasks in this step.
This allows students to repeat the skills they have practiced before, enhancing their proficiency and encouraging them
to apply their knowledge and skills comprehensively in practice.

The result evaluation, that is, the fifth evaluation occurs in the quality improvement stage and the task reporting step. It
mainly examines students' mastery of the three-dimensional learning objectives of knowledge, skills and literacy of this
innovation and entrepreneurship course through the report on the completion of work tasks, including the application of
self-evaluation, mutual evaluation and teacher evaluation.

At the same time, as innovation and entreprencurship capabilities are a comprehensive integration of various abilities,
they are based on knowledge and skills but surpass them in terms of behavioral standards. This means that innovation
and entrepreneurship capabilities are more explicitly expressed through behavior, making it more appropriate to
evaluate these qualities alongside their practical application. Therefore, this teaching method for innovation and
entrepreneurship courses primarily focuses on evaluating professional qualities and innovation and entrepreneurship
capabilities during the skill deepening phase of practice and the task reporting phase of quality enhancement, see Table
1.

Table 1 Evaluation Summary

appraise appraise appraise

stage step type content main body
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Knowledge Knowledge knowledge Self-evaluation, peer evaluation, machine
learning learning evaluation and teacher evaluation
skill learning Procedural technical ability Self-evaluation, teacher evaluation
Skills, literacy Self-evaluation, peer evaluation and teacher
Skill practice Skills deepencd evaluation
p Value-added  Knowledge, skills Self-evaluation, peer evaluation and teacher
evaluation
Quality Task report Results- Knowledge, skills and Self-evaluation, peer evaluation and teacher
improvement oriented literacy evaluation

3 THE ACHIEVEMENTS AND EFFECTS OF THE RESEARCH ON THE CONSTRUCTION OF GENERAL
EDUCATION COURSES FOR INNOVATION AND ENTREPRENEURSHIP BASED ON DUAL TEACHERS,
THREE STAGES, FOUR STEPS AND FIVE EVALUATIONS

The first step is to upgrade the course resources. Through collaboration between schools and enterprises, a three-tier
competition selection and cultivation mechanism has been established, covering class training, major selection, and
competition participation. The school and enterprise jointly established the 'Double Innovation Scholarship' to provide
angel funds for students 'innovative proposals. Each year, effective innovation and entrepreneurship projects are
collected, and a project-demand database is created. Project matchmaking meetings are held, inviting investment
institutions and industry associations to participate in the evaluation process, which promotes student entrepreneurial
projects and provides strong support for course teaching. By converting real enterprise innovation cases into
professional teaching resources, a progressive course chain has been formed, including' Double Innovation Foundation
Course ", Double Innovation Core Course ', and' Double Innovation Comprehensive Project Course '. This meets the
needs for progressive practical teaching arrangements across semesters. In the first semester, professional teachers are
responsible for teaching the basics of double innovation and cultivating basic innovation and entrepreneurship skills. In
the second semester, enterprise mentors and professional teachers lead students in a 4-week project-based teaching,
completing the' dual-teacher three-stages four-steps five-evaluations' model. In the third semester, students
independently enter enterprises for internships, with professional teachers responsible for connecting with enterprises
and related double innovation work. In the fourth semester, the summary phase is entered, further enhancing
comprehensive and application capabilities in double innovation. In the fifth semester, practical training courses resume
to enhance overall application development skills. In the sixth semester, students complete the comprehensive design,
development, implementation, and presentation of their projects, completing their graduation design.

Second, to enhance students 'practical skills in innovation and entrepreneurship education. This involves strengthening
the basic qualities and comprehensive application abilities of students in entrepreneurship education. Through
completing projects, students learn knowledge, apply skills, and gain hands-on experience. The curriculum includes
extensive case studies and practical analyses, featuring numerous successful and failed cases of innovation and
entrepreneurship. These cases guide students to analyze, discuss, and distill valuable lessons. Practical skill training is
provided, including design thinking, business model canvas, lean startup, prototyping, pitch techniques, intellectual
property protection, and financial basics. Additionally, the curriculum integrates interdisciplinary knowledge,
encouraging the integration of technology, business, design, and humanities into projects to foster students' ability to
solve problems comprehensively.

The third aspect is the practical application of radiating curriculum reform. By accumulating and refining the 'dual-
teacher, three-stages, four-steps, five-evaluations' model for entrepreneurship and innovation education in general
courses, this article extends the experience of integrating industry and education and fostering suitable talents through
school-enterprise cooperation to the research on entrepreneurship and innovation education courses in various majors at
vocational colleges. It encourages students to venture beyond the campus, engaging with communities, industrial parks,
and rural areas to identify real social needs and market challenges, and to propose solutions. The focus is not only on
the final outcomes, such as business plans, awards, and company registrations, but also on the students' performance
during the project process, including their problem-solving skills, teamwork, iterative improvement, stress management,
and learning capabilities.

4 THE EXPERIENCE SUMMARY OF THE CONSTRUCTION OF GENERAL EDUCATION COURSES
FOR INNOVATION AND ENTREPRENEURSHIP BASED ON TWO TEACHERS, THREE STAGES, FOUR
STEPS AND FIVE EVALUATIONS

4.1 “Theory, Practice and Nature” are Integrated, and the Teaching Content is Complex

The general education curriculum for innovation and entreprencurship is structured around professional scenarios,
guided by practical work tasks. It aims to achieve three-dimensional teaching goals: theoretical knowledge, practical
skills, and professional qualities, through three stages of learning: knowledge acquisition, skill practice, and quality
enhancement. Supported by school-enterprise collaboration, this model leverages the strengths of professional teachers
in teaching and enterprise employees in technical expertise. Through alternating teaching methods, it ensures that
knowledge is imparted in context, skills are trained according to standards, and qualities are developed through practical
carriers, thus achieving a comprehensive cultivation of innovation and entrepreneurship capabilities that integrate theory,
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practice, and quality.
4.2 “Learning, Practice and Evaluation” is Progressive, and Teaching Subjects are Diversified

In response to the needs of courses and teaching, four full-time and part-time teachers from both schools and enterprises
have been selected to participate in the dual innovation education project. This collaboration aims to leverage their
unique strengths and advantages, promoting multidimensional learning, practice, and evaluation, as well as diversifying
the teaching subjects. Full-time professional teachers, who typically enter the school directly after graduating from
university, are familiar with teaching but lack experience in innovation and entrepreneurship in enterprises and
institutions. Therefore, they are assigned to knowledge-based teaching activities. The number of full-time enterprise
teachers is limited, but their teaching abilities and technical skills are relatively balanced, making them suitable for
innovative teaching activities. Based on the actual situation, full-time professional teachers and full-time enterprise
teachers can also share responsibilities, covering both knowledge and dual innovation skills. Part-time enterprise
teachers, while familiar with the dual innovation skills in their field, lack teaching experience at schools and have
relatively limited teaching methods and skills. Thus, they can primarily focus on task assignment, acceptance, and skill
guidance. By designing a four-step teaching process, the learning (knowledge construction), practice (skill
solidification), and evaluation (ability diagnosis) are integrated into each part of the course. A digital platform is utilized
to achieve seamless data integration for 'teaching-learning-evaluation', enabling real-time optimization of teaching
strategies.

4.3 “School-Enterprise-Student” Cooperation, Teaching Activities are Contextualized

In the dual innovation education, each school-enterprise collaboration starts with a real-world scenario, immersing
students in training, work, and acceptance processes that closely resemble those of industry enterprises. This setup
simulates the learning and innovation environment of employees and professionals. During practical teaching, schools
and enterprises provide contextual backgrounds and tasks, allowing students to engage in learning as if they were real
employees. This approach makes the teaching environment more realistic, ensuring that the three-dimensional goals of
knowledge, skills, and literacy are integrated throughout the teaching and learning process. In the general courses of
dual innovation education, the entire process, from course introduction to outcome acceptance, is designed to simulate a
professional workplace. Students participate in projects as 'quasi-employees', while the teacher team acts as 'technical
supervisors and mentors'. This setup creates an immersive learning environment, helping students adapt more quickly
from being 'students' to becoming 'professionals'.

5 PROMOTION AND APPLICATION OF THE CONSTRUCTION METHOD OF GENERAL EDUCATION
COURSES FOR INNOVATION AND ENTREPRENEURSHIP BASED ON TWO TEACHERS, THREE
STAGES, FOUR STEPS AND FIVE EVALUATIONS

Scope of application: This construction mode of general education course for innovation and entrepreneurship is
suitable for the courses of all majors in higher vocational colleges.

Application scenario: This model for the construction of general education courses on innovation and entrepreneurship
is designed for general education courses equipped with digital teaching platforms and resources, including
foundational courses in innovation and entrepreneurship, practical courses, and courses aimed at enhancing
comprehensive skills in innovation and entrepreneurship. The evaluation scheme can also be independently applied to
various general education courses on innovation and entrepreneurship.

Note: This dual innovation education course model requires a professional team of full-time and part-time teachers,
including 1-2 full-time teachers responsible for theoretical and practical training, and 2 part-time teachers, such as
technical supervisors and senior engineers. The general education course model for this dual innovation education can
be tailored to the characteristics of the professional courses and the actual faculty situation, using either step one and
two or step one, two, and three[7-8].

6 DISCUSSION AND CONCLUSION

The proposed "dual-teacher, three-stages, four-steps, five-evaluations" model for constructing general education courses
in innovation and entrepreneurship (I&E) addresses critical gaps in traditional I&E education by integrating school-
enterprise collaboration, scenario-based learning, and multidimensional evaluation. This model bridges the disconnect
between course content and professional scenarios, enhances teaching depth, and diversifies evaluation systems,
fostering students’ practical skills and entrepreneurial mindset.Key achievements include: (1) Resource optimization,
where school-enterprise partnerships transform real-world cases into progressive course chains (e.g., foundational, core,
and project-based courses); (2) Skill enhancement, as students gain hands-on experience through interdisciplinary
projects, case analyses, and competitions; and (3) Curriculum reform, with the model’s scalability across vocational
majors, emphasizing process-oriented and value-added evaluations. The integration of "theory-practice-quality" and
immersive professional scenarios ensures students transition smoothly from learners to innovators.However, challenges
persist, such as the need for sustained enterprise involvement and faculty upskilling. Future work should explore digital
tools to further streamline "teaching-learning-evaluation" workflows and expand cross-institutional collaborations.
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Ultimately, this model not only enriches I&E education but also aligns with broader goals of vocational education
reform, cultivating talent tailored to industry needs[9-11].
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Abstract: Under the background of integration of specialization and creation, the practical teaching of Principles of
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1 INTRODUCTION

Principles of Urban Planning, as a core course in the specialty of human geography and urban and rural planning, is the
cornerstone for constructing students' knowledge system of urban and rural planning[1]. Under the strong impetus of
the trend of specialized and creative fusion education, the traditional teaching mode has been difficult to meet the needs
of cultivating innovative and practical talents, and the reform of the practical teaching of the course has become
imperative[2-4].

Based on the human geography and urban-rural planning major of Xinjiang Normal University, this study introduces
the concept of CDIO (Conceive-Design-Implement-Operate) engineering education[5], and devotes itself to
reconstructing the curriculum system of Principles of Urban Planning, exploring effective practical teaching methods,
and deeply integrating innovation and entrepreneurship education with the practical teaching of the curriculum, so that
the students The students can apply theoretical knowledge in real project situations, enhance their ability to solve real
urban problems, and promote the comprehensive development of their comprehensive literacy[6-7].

2 RECONSTRUCTION OF CURRICULUM SYSTEM

Integrate innovation and entrepreneurship education into the Principles of Urban Planning course, and construct a
four-in-one curriculum system of “theory + practice + innovation + ideological and political education ™.

2.1 Basic Theory Module

Diversified teaching methods, such as classroom lectures, literature reading, case studies and project-driven teaching,
are adopted to help students master the basic principles and framework of urban planning. Taking the project of urban
historical and cultural district protection planning as an example, the theoretical teaching covers various aspects and
lays the foundation for practical operation.

2.2 Practical Skills Module

Through experimental courses, practical projects and software operation training, students' practical skills are
effectively enhanced. In the practice of urban historical and cultural neighborhood conservation planning projects,
students use various technologies to obtain spatial data, analyze and present the planning scheme, so that they can
master the key skills of data processing and expression of results.

2.3 Frontier Topics Module

Organize classroom discussions, group research and case study activities to guide students to pay close attention to
industry dynamics. For example, discussing the impact of big data analysis on the planning decisions of historical and
cultural neighborhoods, analyzing the application of innovative technologies in successful cases at home and abroad,
broadening students' professional horizons, understanding the cutting-edge trends of the industry, and providing
theoretical foundations and technical reserves for innovation.

2.4 1deological and Political Education & Integration of Specialty and Innovation Module
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Organically integrate the elements of ideology and politics and innovation and entrepreneurship education into the
curriculum. In the historical and cultural neighborhood protection planning project, students are guided to think about
its significance to cultural heritage and social stability, encouraged to propose innovative business models combining
cultural and creative industries, emphasized to follow the principles of scientific and sustainable development, and
cultivated correct values and professional views.

3 CONCEPTUALIZATION OF THE PRACTICAL TEACHING FRAMEWORK BASED ON THE CDIO
CONCEPT

In order to better combine theoretical knowledge with practical operation, actual urban planning projects are introduced,
and project-driven teaching guides students to carry out full-scale practical activities in an orderly manner according to
the CDIO concept.

3.1 Conceive Stage

Focusing on the hot topics of urban development, the design theme stimulates students' interest and social responsibility.
For example, for the transformation of old neighborhoods in the city, students are guided to go deep into the community
to find out the problems, so as to provide a context for the subsequent design.

3.2 Design Stage

Students are organized into groups to collaborate, formulate planning schemes combining course knowledge and
ideological and political requirements, encourage innovative thinking, and comprehensively consider various factors.
For instance, in the design of old residential quarter renovation, factors such as residents' needs, cultural inheritance,
and environmental friendliness are taken into account.

3.3 Implement Stage

Organize field research for students to collect data, verify and improve the preliminary plan. Adopt innovative practice
methods, such as public participatory planning, to improve the scientific and democratic nature of the program.

3.4 Operate Stage

Use advanced technology to simulate the implementation process and impact of the program, and develop students'
ability of prediction and evaluation. Students present the results in various forms and receive comments, and think about
the social value of the program.

3.5 Reflect and Improve

Establish a feedback mechanism to assess and summarize the results of the program from multiple dimensions.
Organize students to share their experiences and adjust and optimize the teaching content and methods according to the
feedback.

4 DESIGN OF PRACTICAL TEACHING ACTIVITIES BASED ON THE CDIO CONCEPT

Starting from the conception phase, innovative urban planning solutions are proposed for specific urban spatial issues,
thus forming preliminary design schemes.

4.1 A Case Study on "Current Situation Investigation of Urban Functional Zoning and Land Use Selection"

4.1.1 Conceive stage

(1) Theme Determination: The theme of "Analyzing the current situation of urban functional zoning and land use
selection, and optimizing urban spatial layout" is clarified, with focuses on the rationality of urban spatial structure, land
use efficiency, coordination between industrial layout and functional zoning, and ecological environment protection.

(2) Problem Analysis: Students are organized into groups to conduct in-depth investigations in various urban areas,
aiming to identify problems in functional zoning and land use selection, such as the concentration of functions in urban
central areas, inappropriate separation between industrial and residential areas, inadequate supporting facilities in
residential areas, and the existence of idle or inefficiently used land.

(3) Goal Setting: To cultivate students' abilities in comprehensive application of interdisciplinary knowledge,
investigation and research, innovative thinking, teamwork, and communication.

4.1.2 Design stage
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(1) Theoretical Learning: In-depth study is conducted on urban planning-related theories and technologies, including
functional zoning theory, principles of land use planning, and GIS applications. Students are required to understand the
characteristics, formation mechanisms, and development laws of different functional zones, and master methods such as
land suitability evaluation and land use efficiency assessment, so as to provide theoretical support for field
investigations and data analysis.

(2) Field Research: A combination of multiple research methods is adopted. On-site surveys are carried out in different
urban functional zones to observe the current situation of land use, building types and distribution, transportation
facilities, and environmental quality. Scientific and reasonable questionnaires are designed to investigate different
groups regarding their satisfaction with functional zoning, land use needs, and expectations for urban development.
Interviews are conducted with relevant departments, enterprise representatives, and community residents to obtain
first-hand information, including urban planning policies, land transfer information, enterprise development plans, and
residents' living demands. Remote sensing images and GIS technology are used to acquire basic data such as urban
topography, land cover types, and transportation networks. Detailed maps of the current situation of urban functional
zoning and land use selection are drawn to provide an accurate data basis for subsequent analysis.

(3) Conceptual Design: Based on the research results and theoretical knowledge, group brainstorming is carried out to
conceive an analysis framework and preliminary optimization ideas for the current situation of urban functional zoning
and land use selection. Combined with the urban development orientation and goals, innovative investigation and
analysis perspectives and potential solutions are proposed. Preliminary conceptual maps are drawn to show the current
situation of urban functional zoning, characteristics of land use selection, spatial distribution of existing problems, as
well as preliminary optimization directions and ideas.

4.1.3 Implement stage

(1) Detailed Design: Professional software is used for in-depth analysis and data processing. The economic, social, and
environmental benefits of different functional zones and land use types are evaluated, the causes of problems in
functional zoning and land use selection are analyzed, and optimization suggestions are put forward, including
functional zone adjustment, land replacement, and development intensity control.

(2) Simulation and Demonstration: Simulation software or physical models are used to simulate the urban operation
status. By simulating processes such as traffic flow, population distribution changes, industrial development trends, and
ecological environment evolution, the problems and impacts of urban spatial layout are demonstrated. Based on the
simulation results, the conclusions of the current situation investigation and analysis are verified and improved to
provide a basis for optimization schemes.

(3) Expert Consultation: Experts from multiple fields are invited to form a team to review the current situation
investigation results and optimization suggestions. Students revise and improve the results according to the experts'
opinions to ensure the professionalism and practicability of the outcomes.

4.1.4 Operate stage

(1) Achievement Display and Communication: The investigation results are displayed to all sectors of society through
various forms to promote communication and cooperation between the government, academia, and the public, and to
collect opinions and suggestions from all parties.

(2) Simulation Implementation: VR or AR technology is used to simulate the implementation process and possible
effects of the optimization scheme for urban functional zoning and land use selection, evaluate the feasibility and
effectiveness of the scheme, and collect feedback to provide a basis for the dynamic adjustment of the scheme.

4.1.5 Reflect and improve

(1) Feedback Integration: Feedback information from all parties is collected, the advantages and disadvantages of the
research results are sorted out and summarized, and the key factors and difficult problems affecting the optimization of
functional zoning and land use selection are clarified.

(2) Reflection and Summary: Students are guided to write practical summary reports, reflect on their personal growth
and team collaboration processes, provide references for subsequent learning and practice, and put forward suggestions
for teaching improvement.

4.2 A Case Study on "Campus Master Plan Design"

4.2.1 Conceive stage

(1) Theme Determination: The theme of "Creating a campus master plan with complete functions, beautiful
environment, and rich cultural characteristics" is focused on, with emphasis on teaching and research needs,
convenience of students' life, inheritance and innovation of campus culture, and ecological environment protection.

(2) Problem Analysis: Students are organized to conduct a comprehensive survey of the campus, and problems are
sorted out, such as the long distance between teaching and living areas, chaotic traffic flow, insufficient public activity
space, lack of distinctive landscapes, and irrational building functional layout that cannot meet the needs of modern
education and teaching.

(3) Goal Setting: To cultivate students' ability to solve practical campus problems using urban planning principles,
stimulate their innovative thinking, improve their teamwork and communication skills, and provide planning
suggestions for campus construction.
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4.2.2 Design stage

(1) Theoretical Learning: In-depth study is conducted on knowledge related to campus planning and design, and
students are required to fully master the principles of campus functional zoning, building layout requirements, traffic
organization methods, landscape creation techniques, and ecological sustainable development strategies to lay a
theoretical foundation for scheme design.

(2) Field Research: Campus information is obtained through multiple methods such as field measurement, questionnaire
survey, and interviews with teachers and students. Basic data are measured, teachers' and students' satisfaction with the
current campus layout, expectations for future campus construction, and actual needs in daily study and life are
collected, and the school's development plan, characteristics of teaching and research activities, and needs of student
associations are understood. A detailed campus current situation map is drawn, covering building distribution, traffic
flow, green space system, and public facility distribution, to provide data support for design.

(3) Conceptual Design: Based on the research results and theoretical knowledge, group discussions are held to conceive
the design concept and framework of the campus master plan. Combined with the school's historical and cultural
traditions, disciplinary characteristics, and future development direction, innovative ideas are put forward. Preliminary
conceptual design sketches are drawn to show the overall ideas of campus functional zoning, building group layout,
transportation network planning, and landscape space creation.

4.2.3 Implement stage

(1) Detailed Design: Professional design software is used for scheme design. According to the school's scale and
development needs, the layout of buildings and functional areas is reasonably determined, spatial relationships are
optimized, and transportation systems are designed. Combined with campus cultural characteristics and landscape
resources, landscape node design and greening system planning are carried out, with consideration of ecological and
environmental protection factors.

(2) Simulation and Demonstration: VR technology or models are used to simulate the actual operation of the campus
under different master plans, experience the spatial environment, evaluate the rationality of different traffic organization
schemes, test the scientificity of functional zoning layout, and optimize landscape design schemes. Problems and
deficiencies in the scheme are identified based on simulation results to provide a basis for optimization.

(3) Expert Consultation: Experts from multiple fields are invited to review the scheme. Experts put forward opinions
and suggestions from multiple dimensions, and students revise and improve the scheme accordingly to ensure its
feasibility.

4.2.4 Operate stage

(1) Achievement Display and Communication: Design results are displayed to all parties of the school through various
forms, opinions and suggestions are widely listened to, and the scheme is optimized.

(2) Simulation Implementation: Digital simulation technology or sand table models are used to simulate the
implementation process of the campus master plan and the actual operation status after completion, evaluate the impact
of the scheme on existing campus infrastructure during implementation, predict possible problems and challenges, and
formulate response measures to provide suggestions for the sustainable development of the campus.

4.2.5 Reflect and improve

(1) Feedback Integration: Feedback information from all parties is collected, the advantages and disadvantages of the
scheme are analyzed and summarized, and the key factors affecting the implementation effect are clarified.

(2) Reflection and Summary: Students are guided to write practical summary reports, reflect on their personal growth
and team collaboration processes, provide references for subsequent learning and practice, and put forward suggestions
for teaching improvement.

5 EFFECT OF PRACTICE TEACHING BASED ON THE CDIO CONCEPT

5.1 Improvement of Students' Abilities

5.1.1 Enhancement of professional skills

Through participation in practical projects and case studies, students have accumulated rich practical experience, and
their professional skills in the application of urban planning principles, operation of planning and design software, field
research, and data analysis have been significantly improved. For example, in the urban historical and cultural block
protection planning project, students proficiently mastered historical building surveying and mapping technology, used
total stations and other equipment to accurately measure building dimensions and spatial relationships; through GIS
spatial analysis, they deeply explored the spatial characteristics and historical and cultural value of the block; and used
CAD drawing software to carefully draw detailed planning drawings, accurately evaluate the protection value of the
block, and formulate reasonable planning strategies.

5.1.2 Stimulation of innovative thinking

Innovative practical activities and diversified teaching models have effectively stimulated students' innovative thinking.
In the campus master plan project, students put forward many innovative ideas, such as an intelligent building
management system under the concept of a smart campus to realize efficient energy utilization and intelligent control of
campus buildings; an ecological wetland purification system under the concept of an ecological campus to treat campus
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sewage and create ecological landscapes; and a campus cultural exhibition corridor under the concept of a cultural
campus to display the school's historical culture and teachers' and students' artworks. These innovative ideas are
skillfully integrated into the planning scheme to improve the campus quality.

5.1.3 Improvement of teamwork and communication skills

Project-driven teaching and group cooperative learning have cultivated students' good teamwork and communication
skills. In the urban new district traffic planning project, students divided labor and cooperated: traffic engineers were
responsible for traffic flow analysis and road design; geographic information experts used GIS technology for spatial
analysis and data processing; environmental experts evaluated the impact of traffic planning on the environment.
Students with different professional backgrounds cooperated and complemented each other to complete the planning
task, effectively improving teamwork efficiency. Meanwhile, students' communication skills were exercised in group
discussions, exchanges with experts, and presentation of results to the society.

5.2 Achievements in Curriculum Construction

5.2.1 Optimization of curriculum system

The reconstruction of the curriculum system based on the CDIO concept has made the content of the *Principles of
Urban Planning* course more diverse and the structure more reasonable. The integration of innovation and
entrepreneurship education and curriculum ideological and political education has not only kept the course in line with
the times but also enhanced its educational function, realizing the organic unity of knowledge impartment, ability
training, and value shaping. For example, integrating innovative cases and entrepreneurial practice requirements into the
course content cultivates students' innovative awareness and entrepreneurial spirit; through the infiltration of ideological
and political elements, students are guided to establish correct professional ethics and social responsibility.

5.2.2 Innovation of teaching methods

The application of diversified teaching models has enriched teaching methods and significantly improved teaching
quality. In the flipped classroom model, students independently learn relevant knowledge and cases before class, enter
the classroom with questions and thoughts, and through in-class discussions and teacher's answers, they have a deeper
understanding of knowledge and can better apply theoretical knowledge to practice. Project-driven teaching allows
students to exercise their abilities in real projects, stimulating their learning interest and initiative.

5.2.3 Expansion of teaching resources

In the process of practical teaching, rich teaching cases, practical project results, and enterprise cooperation resources
have been accumulated. These resources provide strong support for curriculum teaching and lay a solid foundation for
subsequent teaching reform and curriculum construction. For example, the detailed case materials formed by students in
the urban historical and cultural block protection planning project, including research data, planning schemes, and
implementation effect evaluation, can be used as vivid teaching cases for subsequent students; carrying out projects in
cooperation with enterprises not only provides practical opportunities for students but also enables the school to obtain
cutting-edge industry information, promoting the close integration of the curriculum with market demand.

6 CONCLUSION

The practical teaching reform of Principles of Urban Planning based on the concept of CDIO under the background of
specialized integration is an important exploration to adapt to the development of the times and improve the quality of
talent cultivation. A series of reform measures, such as reconstructing the curriculum system and designing the
framework and cases for practical teaching, have achieved remarkable results in the improvement of students' ability
and the effectiveness of curriculum construction. However, the reform process still faces some challenges, such as the
further optimization of teaching articulation, the deeper integration of cutting-edge technologies and the improvement
of the evaluation system. In the future, it is necessary to continue to deepen the reform, constantly optimize the teaching
mode, strengthen the cooperation between schools and enterprises, improve the evaluation system, promote teachers to
actively carry out teaching research and practical exploration, and make unremitting efforts to cultivate high-quality
urban planning professionals.
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Abstract: This study systematically explores the cross-disciplinary application model of analogical thinking in real
analysis teaching based on the core competencies education concept. By constructing a three-dimensional teaching
framework of "concept-method-thinking" and integrating interdisciplinary content from courses such as complex
analysis, probability theory, and mathematical analysis, a multi-course integrated teaching strategy using analogical
thinking as a nexus is proposed. Practice shows that this method effectively reduces the abstraction of real analysis,
enhances students' mathematical modeling abilities and higher-order thinking skills, and provides theoretical references
for teaching reform in analysis courses.
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1 INTRODUCTION

Real variable functions are a core course in mathematics and applied mathematics, covering three major modules: set
theory, measure theory, and integral theory, with a high degree of abstraction and logical rigor. In recent years, with the
deepening penetration of core literacy concepts in mathematics education, the teaching reform of real variable function
courses has gradually focused on cultivating students' higher-order thinking abilities. The current research on the
teaching of real variable function courses mainly focuses on innovative teaching modes, problem driven design, literacy
development paths, and cognitive conflict resolution, presenting a characteristic of emphasizing both theory and
practice. Cao[l] proposes a "project-based teaching" model, transforming abstract concepts into research topics to
enhance logical reasoning and mathematical abstraction. Wang and Yang[2] advocates "problem-set reflective
teaching" to build knowledge networks and critical thinking. Wang and Gao[3] highlights "problem chains" as core
tools for deepening conceptual understanding. Wang[4] analyzes real analysis' unique role in cultivating abstract
thinking, rigorous reasoning, and application skills. Reed[5] analyzes the mechanism of sense-making in real analysis.
Dumitragcu[6] analyzes integration teaching of real analysis. Rezky[7] analyzes mathematics teaching materials.

However, there is still a significant lack of interdisciplinary connection in the current teaching research of real variable
function courses, specifically manifested as a lack of collaborative teaching research related to complex variable
functions, probability theory, mathematical analysis, and other related courses. Based on this, this article takes the
"Core Literacy" framework proposed in the 2024 Ministry of Education Briefing as a guide to explore innovative
interdisciplinary collaborative teaching. We innovatively proposes the cross-disciplinary teaching model, which
integrating real analysis with other mathematical disciplines via analogical thinking. This paper is based on the three-
dimensional teaching framework of "concept method thinking", and explores the interdisciplinary application of
analogical thinking in the teaching of real variable functions by analyzing the correlation between relevant concepts in
courses such as complex variable functions, probability theory, and mathematical analysis. Finally, demonstrate the
practical path of analogical thinking in cultivating students' knowledge transfer ability through typical examples.

2 PRACTICAL APPLICATION OF ANALOGICAL THINKING IN INTERDISCIPLINARY TEACHING
2.1 Practice in Set Theory Teaching

Equivalence is a fundamental concept in set theory of real variable functions, used to describe the one-to-one
correspondence between two sets. This concept provides a theoretical basis for studying the cardinality of sets.

Definition 1[8] Sets A, B are two nonempty sets, if there exists a bijection ¢ :4 —> B, thencall 4 and 5 are

equivalent, denotedbyA ~ 5.

The abstraction of the concept of equivalence can be intuitively explained through examples of complex functions. In
the course of complex functions, the concept of extending a complex plane to an expanded complex plane by
introducing infinity points can be geometrically represented as a complex sphere under spherical pole projection. From
the perspective of set theory, there exists a one-to-one correspondence between the expanded complex plane and the
complex sphere, which is a concrete manifestation of the concept of "equivalence" in real variable functions.

Example 1 Prove that the sphere minus one point is equivalent to the entire plane.
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1
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It turns out that @ is a bijection, thus S \ (O, 0, l) and plane X0y are equivalent.

From Example 1, it can be seen that expanding the complex plane and the complex spherical plane are equal. The

teaching implementation of this section is as follows:

(1) Conceptual analogy: expanding the equivalent concepts of the complex plane and complex sphere conceptual

analogy set.

(2) Visual guidance: Establish geometric intuition through spherical projection animation demonstration.

(3) Sublimation of thinking: Guide students to discover the core idea of "equipotential of infinite sets" in real variable
functions.

Outcome: Classroom feedback shows that 85% of students indicate that this analogy significantly reduces the difficulty

of accepting the concept of set equivalence.

2.2 Practice in Measure Theory Teaching

Measurement convergence is a fundamental concept in the theory of real variable function measurement, which reflects
the limit behavior of function sequences in the sense of measurement.

Definition 2[8] Let {12 } be a sequence of a.e. finite measurable functions on £ < R”. It is called that {15 }

converges to 1 in measure on £ if forany & > 0 and & > 0, there exists positive integer N (8, o ), such that for

any n >N (6,8), mE||£ - 420]<e

Metric convergence can be intuitively explained through the special case of probabilistic convergence in probability
theory. In probability theory, when conducting a large number of independent Bernoulli experiments, the frequency of
events will converge to their theoretical probability values according to probability. For example, when repeatedly

tossing a coin, the probability of facing up is 5 Let be a probability measure, From the perspective of

convergence according to measurement, means that for any & >0 and & > 0, there exists positive integer

DN | —

>0 |<E.

E
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