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Abstract. The integration of industry and education is the key for Chinese Uni-
versity of Applied Science and Technology to cultivate applied talents needed
by the society. In the process of implementing the integration of industry and
education, China’s application-oriented universities are also faced many prob-
lems. Based on the triple helix theory, this paper analyzes the existing problems
of China’s industry-education integration, including the structural contradiction
between the settings of university majors and industry demand, the imperfect
system and mechanism of school-enterprise cooperation, and the impact of the
pandemic on the industry-education integration. Based on the analysis, it finally
puts forward countermeasures and suggestions to promote the development of
industry-education integration for Chinese University of Applied Science and
Technology from three aspects: playing supervision role of the government for
top-level design, playing innovation role of enterprises in the industry-
education integration implementation process, and playing practice role of col-
leges and universities for taking the advantages of serving local development.

Keywords: integration of industry and education; triple helix theory; Chinese
University of Applied Science and Technology.

1 Introduction

The integration of industry and education is a school-running mode formed by
strengthening the cooperation between schools and enterprises, cultivating high-
quality technical talents, effectively connecting education, talents and industries, and
constantly improving the teaching system(Zhu, A., 2019)!!l. Tt promotes the comple-
mentary advantages of resources and cooperative innovation between education and
industry, and is of great significance to social and economic development. As one of
the main paths for Chinese universities to transform into application-oriented univer-
sities(Zou, 2021)1), the integration of industry and education is different from the
concepts of school-enterprise cooperation and industry-university-research coopera-
tion proposed before(Yin, C., 2023)B1. The integration of industry and education is a
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more comprehensive and in-depth collaboration model aimed at enhancing students’
practical and innovative capabilities. Compared to previous concepts, the integration
of industry and education places greater emphasis on practical application and hands-
on experience, emphasizing the cultivation of students’ professional competence and
innovation ability. Furthermore, it also contributes more to the advancement of indus-
tries and societal progress by the school-enterprise cooperation(Etzkowitz, H.,
Leydesdorff, L., 1998)1. With China’s changing economic structure and the increas-
ing demand for applied talents in the labor market, which led to the transformation of
higher education system, it has become an urgent issue to explore how Chinese Uni-
versities of Applied Science and Technology(UASTSs) can effectively implement co-
operation with the industry sector and promote the integration of industry and educa-
tion.

Extant studies have shown that the integration of industry and education has posi-
tive impacts on the UASTs. For example, Runtack Lee(2023) studied on the applica-
tion of German Dual Education System on Chinese universities and found that col-
laborative projects with industries can provide practical opportunities for students to
apply theoretical knowledge and enhance their employability®™. Additionally, Yang
Yusheng(2023) pointed out that students engaged in industry collaborations are more
likely to find jobs related to their majors and enjoy higher salary[®l. Despite the posi-
tive results identified by scholars in the field of industry-education integration, there
are still research gaps. One of the issues is how to ensure that the cooperation between
industry and education can be sustainable and get win-win situation by theoretical
guidance and involving the significant role of government. Some studies indicate that
certain collaboration projects tend to be one-sided, with industries primarily providing
resources and support, while educational institutions and government have limited
involvement in project design and implementation(Ma, 2023)!"). Therefore, while the
extant studies have achieved fruitful results, in-depth research is still needed to ex-
plore the countermeasures of practical collaborations between the industry and educa-
tion sectors by integrating all participants, including the government, and enhancing
theoretical foundation.

The Triple Helix theory emphasizes the cooperative relationship between universi-
ties, industries and governments. It was first proposed by Professor Henry Etzkowitz
of Stanford University in the United States and Professor Loet Leydesdorff of the
Netherlands in 1995. It provides a strong theoretical support for the development of
industry-education integration in UASTs. The triple helix theory holds that the gov-
ernment, enterprises and universities are the three elements of the social internal in-
novation system in the era of knowledge economy. Under the condition of market
economy, the spiral relationship of the three forces is formed(Ma, H.B., 2016)!®). Ap-
plication-oriented universities form knowledge chain and education chain in
knowledge inheritance, scientific research and talent training. Enterprises form inno-
vation chain and industrial chain in product research and development, scientific and
technological development and achievement transformation. The government forms
policy chain in policy formulation and implementation, public service, supervision
and management. The three chains realize the flow and sustainable development of
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knowledge flow, information flow and talent flow through integration and interaction
( Fig. 1).

For a long time, the goal of the integration of industry and education in China has
been to cultivate high-level applied talents, and it has been practiced more at the level
of vocational colleges(Zhu, S., 2022)P1. With the transformation of the economic
society to a high-quality development strategy, China’s industry is facing transfor-
mation and upgrading, and the skill requirements for high-level applied talents are
getting higher and higher. The exploration and practice of industry-education integra-
tion has also expanded from vocational colleges to UASTs( Zhang, Q., Li X., Hu P.,
Ning L., 2018)!'%, However, due to the short history of development, there are still
some common problems in the integration of industry and education in application-
oriented universities in China, such as the lack of motivation for multi-subject coop-
eration among universities, governments and industries, and difficulty of implementa-
tion of school-enterprise cooperation (Gao, X., Su, X., 2021)!"!, How to actively im-
prove the development mechanism of the industry-education integration, and innovate
the training mode of high-level applied talents, are the key to the development of
UASTs in China. From the perspective of triple helix theory, this paper aims to ex-
plore the problems existing in the industry-education integration of UASTs, and trys
to put forward countermeasures and suggestions to promote the development of the
industry-education integration for the UASTs in China.
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2 Development and existing problems of the industry-education
integration in China

2.1  The development stage of China’s industry-education integration

The development of industry and education integration in China has gone through
three stages: germination stage, development stage and deepening stage(Ma,
Q.,2019)"2], The germination period began in 1949, when the Ministry of Education
of the Central People’s Government issued the ‘Decision on the Implementation Plan
of Renmin University of China’, emphasizing that college teaching should be com-
bined with practice. For the first time in China, the initial concept of integration of
industry and education was put forward in the form of official policy. Subsequently,
during the period from 1952 to 1958, the state carried out the adjustment of university
departments, and promoted the integration of industry and education through adminis-
trative instructions and industry running schools under the planned economy.

From the reform and opening up in 1978 to the Third Plenary Session of the 18 th
Central Committee of the Communist Party of China in 2013, the integration of in-
dustry and education has entered a period of rapid development. During this period,
China formally put forward the concept of integration of industry and education.
Through supportive laws and regulations corresponding to the integration of industry
and education in vocational education, the development of integration of industry and
education is promoted from the school level, but the practice of industry participation
is still being explored(Li, L., 2022131; Tian, L., 2020[!4)).

In 2014, with the issuance of the “Decision of the State Council on Accelerating
the Development of Modern Vocational Education”, the integration of industry-
education in China has entered a deepening period. The “Opinions on Guiding Some
Local Undergraduate Universities to Transform to Application-oriented” issued in
2015 pointed out the direction for local universities to transform to application-
oriented and deepen the integration of industry and education. In 2017, the General
Office of the State Council’s “Several Opinions on Deepening the Integration of In-
dustry and Education”(No.95 issued by the State Council) emphasized the importance
of enterprises’ participation in the integration of industry and education, and proposed
that the main goal of deepening the integration of industry and education is to gradu-
ally improve the participation of enterprises in running schools, and form a develop-
ment pattern of education-industry integration and benign interaction. In 2019, several
government departments jointly issued the ‘“National Pilot Implementation Plan for
the Construction of Industry-Education Integration” to further promote the organic
connection of education chain, talent chain, industrial chain and innovation chain.
This policy was carried out and emphasized again in 2022, which aimed to improve
the industry-education integration system and expand it throughout the whole country.

With the introduction of relevant policies on the integration of industry and educa-
tion in China, both the government, universities and enterprises have fully realized
that the integration of industry and education is the only way to cultivate high-level
applied talents and build a society with skilled labor force. In the process of continu-
ous promotion of the integration of industry and education, the roles of government,
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universities and industries in the triple helix development model are also chang-
ing(Guo, Z., 2015151; Li, Z., 20230%)), The role of government has gradually changed
from a leader to a guide, actively providing policy and financial support for universi-
ties and enterprises, while the role of universities and enterprises in the integration of
industry and education has been continuously strengthened in exploration.

2.2 Problems existing in the integration of industry and education in UASTs
in China

UASTs mainly refer to professional, multi-disciplinary or single-disciplinary universi-
ties with application-orientation(Hu, L., 2017)[!"]. They mainly serve local economic
development by cultivating application-oriented talents, transferring scientific
knowledge, and developing scientific and technological achievements. At current
stage, China’s domestic industry-education integration has achieved a series of
achievements, but there are also many problems in the implementation process. From
August 2020 to July 2023, our research group have carried out a series of investiga-
tions on UASTSs by visiting 40 applied universities and interviewing 12 members of
the Applied Undergraduate University Alliance in the Yangtze River Delta Region.
Deep interviews were also conducted to the government officers in Education De-
partment and managers in enterprises.

The Yangtze River Delta region is located in the lower reaches of the Yangtze Riv-
er in China, including 41 cities in Shanghai, Jiangsu Province, Zhejiang Province, and
Anhui Province. This region is not only one of the regions with the most active eco-
nomic development, the highest degree of openness, and the strongest innovation
ability in China, but also the region with the most intensive science and education
resources in China. It holds a pivotal strategic position in the national modernization
construction and comprehensive opening up. Based on the field investivation, litera-
ture review and text analysis, it is concluded that the problems existing in the integra-
tion of industry and education in UASTs are mainly concentrated in the following
three aspects.

The structural contradiction between the setting of university majors and indus-
try demand.

Structural contradiction refers to a long-term and difficult to solve adversarial rela-
tionship that exists in the social and economic system. It is within the social structure,
not as a contradiction of individuals, but as a contradiction of the entire social system,
making it difficult to solve through a single individual action. In recent years, there
has been a structural contradiction in the employment of college students in China,
which illustrates the coexistence of “labor shortage” for enterprises and “employment
difficulty” for university or college graduates. According to national statistics, from
2019 to 2021, the number of undergraduate majors revoked by Chinese universities
each year was 367, 518, and 804 respectively!'®], reflecting the increasing mismatch
between university majors and industry demand.

This structural imbalance between supply and demand in the employment market
results in the waste of human resources, which is unbeneficial to the improvement of
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the overall quality of talent training (Shi, G., Tan, Y., Chen, H., 2015)[""). This prob-
lem for universities is embodied in the homogeneous setting of majors, pursuit of
large and comprehensive discipline construction, serious convergence of talent culti-
vation, and lack of distinctive features and core competitiveness(You, W., Yan, X.,
Chen, H., 2015)%. The mismatch between the training of talents in the supply-side,
namely universities, and the requirements of employees in demand-side, that refers to
enterprises, results in the structural unemployment of college graduates, which has
become prominent as an obstacle to the coordinated development of China’s economy
and society. The problem that the industrial chain, innovation chain, education chain
and talent chain cannot be effectively connected, seriousely limits the industrial trans-
formatiion and economic development(He, T., Shi, W., 2019)22",

The imperfect system and mechanism of school-enterprise cooperation.

The system of industry-education integration lacks clear and specific tasks, thus the
support policy of school-enterprise cooperation is difficult to implement. In the mean
time, there is a lack of supporting policies and operability for ‘capi-
tal+finance+land+credit’ given to enterprises with integration of industry and educa-
tion. The current school and enterprise management system also restricts the compre-
hensive integration of resources, personnel, technology, management and culture
between the two sides. Although China has introduced many measures for the integra-
tion of industry and education, the cooperation between schools and enterprises is not
deep, and specific measures are difficult to implement. For example, there are still no
standards in the implementation process regarding how application-oriented universi-
ties can obtain compensation through school-enterprise cooperation and how to assess
performance-based wages in a certain proportion, making it difficult in prac-
tice(Zhang, Z., 2021)122,

Therefore, the depth of the integration of industry-education is still insufficient and
the form of school-enterprise cooperation is limited in terms of curriculum setting and
teaching plan. From the perspective of enterprises, the school-enterprise cooperation
still remains at a relatively superficial level, for example, many enterprises do not
have clear systems for accepting student internships and employment, lack guidance
for student training and career planning. In addition, the programs jointly set by
schools and enterprises are relatively few, and the needs of both parties cannot be well
balanced. The interests of enterprises cannot be completely met, resulting in low par-
ticipation enthusiasm and directly affecting the effectiveness of cooperation between
both parties. At present, the breadth and innovation of school-enterprise cooperation
need to be strengthened, and the scope and connotation of industry-education integra-
tion need to be further expanded.

The impact of COVID-19 pandemic on the integration of industry and educa-
tion.

The sudden outbreak of COVID-19 pandemic in 2020 has had a great impact on
the integration of industry and education. On the one hand, the pandemic has had a
direct negative impact on students’ practical training. For example, during the pan-
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demic, many schools have started classes in a staggered manner, changing the class
time and location or directly cancelling courses. Due to lockdown and quarantine
policies, many students were unable to return to school in time, resulting in delays of
the internship. Many interns were unable to return to their work positions on time,
leading to many practical training interruptions or stoppages. In addition, the pandem-
ic has suppressed market growth, leading to reduced production and layoffs in enter-
prises. The decreasing demand for labor in the job market has led to a narrowing of
employment channels for college graduates and a shortage of internship positions for
students, which situation entering a vicious cycle. Under the pressure of the pandem-
ic, some enterprises are facing difficulties in their own operations, making it difficult
to continue supporting practical training for school students, resulting in problems in
the talent cultivation process.

On the other hand, the pandemic has also brought about an acceleration of digital
transformation and innovation in school-enterprise cooperation models. For example,
during the pandemic, many companies were forced to accelerate their digital trans-
formation and adopt onlin office and online business. This has prompted new cooper-
ation between applied universities and enterprises through online platforms and tech-
nical tools. Meanwhile, during the pandemic, universities and enterprises are explor-
ing innovative cooperation models, such as conducting online internship projects, or
collaborating on the development of new products, like e-learning, smart campus, etc.
This innovative cooperation helps to improve students’ practical abilities in the educa-
tion chain. However, the accelerated digital transformation of school-enterprise coop-
eration has also brought some new challenges. Firstly, there are technological chal-
lenges. Digital transformation requires the use of new technologies and tools, includ-
ing cloud computing, big data analysis, artificial intelligence, etc. Enterprises and
schools need to invest a significant amount of time and resources to learn and master
these technologies, and apply them to collaborative projects. At the same time, digital
transformation involves a large amount of data and information exchange, and securi-
ty has become an important challenge, too.

3 Countermeasures and suggestions for the development of
industry-education integration

According to the triple helix theory, the development process of the industry-
education integration in China’s UASTs emphasizes in three aspects, covering the
education sector represented by UASTS, the industrial sector represented by enterpris-
es, and the supervision sector represented by local government. The main body of
innovation in the three sectors, through the link of market demand, is organically
linked around the production and transformation of knowledge, personnel training and
supply, forming a triple helix relationship of mutual influence, interaction and spiral
rise of the three forces. Compared to the former double helix relationship model,
namely ‘university-industry’, ‘university-government’, or ‘industry-government’, the
triple helix model highlights the knowledge chain, education chain, innovation chain,
industrial chain and policy chain. Through the integration and interaction, knowledge
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flow, information flow and talent flow in industry-education integration is realized.
Therefore, from the perspective of triple helix theory, this paper puts forward some
countermeasures and suggestions for the development of industry-education integra-
tion in the UASTSs, emphasizing that we should give full play to the top-level design
function of the government, play an innovation role of involved enterprises, and take
advantages of serving local development for colleges and universities. At the macro
level, the government, enterprises and colleges jointly formulate a long-term mecha-
nism for the integration of industry and education; at the meso level, the enterprise
formulates the talent training plan according to the market; and the college formulates
the teaching implementation plan according to the talent training goal. Finally, enter-
prises and colleges implement specific training programs and teaching programs at
the micro level, and realize the organic integration of enterprise training and teaching
units through internal coordination (Figure 2).
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Fig. 2. A schematic diagram of the implementation mechanism of the industry-education inte-
gration

4 Playing supervision role of the government for top-level
design of industry-education integration

By means of top-level design, the central government can integrate resources from
universities and enterprises, formulates relevant laws and regulations, and promotes
the standardization and institutionalization of industry and education integration. At
the regional level, government departments can act the role of coordination between
education sector and industrial sector, jointly formulate and actively implement pref-
erential policies to promote school-enterprise cooperation. Meanwhile, a supervision
and evaluation system should be established, and the evaluation results are incorpo-
rated into the annual assessment system of universities, linked with the preferential
policies enjoyed by enterprises. A unified online resource sharing platform can be
established to solve the problem of work-study contradiction in the training programs
in enterprises. This helps to cultivate teachers who are knowledgeable in both theory
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and operation, and improve the practical ability of high-skilled talents while solidify-
ing theoretical learning. In addition, the government should continue to strengthen the
social atmosphere of respecting skilled talents, and enhance the social identity status
of highly skilled talents.

Furthermore, the government can give full play to its macro-control functions, reg-
ulate educational structures and industrial structures through financial means, and
support model enterprises in various fields for the integration of industry and educa-
tion. For example, we can establish evaluation standards for model enterprises in the
industry-education integration, provide certain financial support and tax incentives to
enterprises that meet the standards, cultivate a number of new enterprises which can
play a leading role in the industry-education integration. By summarizing the feasible
experiences from these successful cases, more enterprises can quickly learn and get
motivated. In order to adapt the industrial transformation and upgrading, the financial
support should be given to the industry-education cooperation projects of UASTs that
meet the market demand. Moreover, a special development fund for enterprises and
UASTSs can be established to support the collaborative research, curiculum develop-
ment, training bases, and exchange of talents between schools and enterprises.

4.1 Playing innovation role for enterprises in the process of industry-
education integration implementation

To fully leverage the role of enterprises, it is necessary to deepen the strategic integra-
tion of industry and education from the national level, and promote the organic con-
nection of education chain, talent chain, industrial chain, and innovation chain. Enter-
prises and institutions should actively connect with each other. Especially for enter-
prises with government support, they should utilize their own technological produc-
tion advantages to establish a cooperative education mechanism with schools by or-
der-based trainee program, jointly built industrial colleges, etc. They can also dispatch
technical personnel to undertake teaching tasks, jointly develop the talent training
plans, and update the teaching content. Under the guidance of the government, enter-
prises need to further improve their management system of internship, and reasonably
arrange the holistic work in the innovation chain. In the process of project implemen-
tation, enterprises should play a innovative role, firstly take improving students’ prac-
tical ability as the starting point, then actively implement the teaching activities and
conduct a full process assessment. It is necessary for enterprises to carry out applied
research with colleges and universities from the meso level, too.

In addition, non-governmental and non-profit social organizations can be involved
and introduced by peer enterprises in the innovation chain to promote common inter-
ests(He, T., Shi, W., 2019)%¥, These organizations include industry associations,
chambers of commerce, trade associations, federations, etc. Strengthening the connec-
tion between universities and these social organizations has a significant positive
effect on supporting universities to actively serve and integrate into the development
of industrial sector in the region. It will strengthen technological reform and innova-
tion capabilities of enterprises, and contribute to local socio-economic development.
Therefore, enterprises should view the talent acquisition and training from a long-
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term perspective. The model enterprises should actively play their leading role, work
together with the small and medium-sized enterprises, jointly dedicate to the industry-
education integration.

4.2  Playing practice role for colleges and universities to take the advantage of
serving local devleopment

With massive technological change and economic transformation, it has become more
and more urgent for universities to play active practice role in industry-education
integration. In terms of major settings and learning contents, the matching between
the talent cultivation and the industry demand has to be further improved. Firstly,
colleges and universities need to set more targeted goals for talent cultivation pro-
grams. In addition to regular curriculums, schools can regularly organize students to
visit enterprises, actively communicate with enterprises and social organizations, and
enable students to quickly adapt to specific job demand. At the same time, the UASTs
should vigorously establish and adjust their majors to combine the advantages of re-
gional industrial development, and jointly establish industrial colleges to ensure the
quality of education. In addition, a school-enterprise cooperation management com-
mittee is needed to establish and ensure the timely exchange of information,
knowledge and technology between schools and enterprises. By introducing industrial
technical standards, universities need to continuously update and restructure their
curriculum system according to market demand and so as to adjust the talent cultiva-
tion plans.

Secondly, based on existing technological innovation platforms, China’s UASTs
should establish technology innovation research institutions with industry sectors.
Schools and enterprises should utilize the advantages of talent and technology aggre-
gation to establish joint science and technology centers or laboratories and jointly
increase the R&D investment. The UASTSs can take the lead to integrate various re-
sources by utilizing professional advantages and establishing a platform for technolo-
gy transfer. It benefits to attract innovation and entrepreneurship teams, such as enter-
prise innovators and student innovators, which can better serve the local community
to achieve a win-win situation. Relying on existing scientific and technological
achievements, the universities can well track the development process of the entire
chain of knowledge, education, innovation and industry in the triple helix. It can ac-
celerate the incubation and transfer of scientific and technological achievements, and
help promote the upgrading of local industrial structures.

Thirdly, to respond to the impact of the COVID-19 pandemic, UASTs need to
strengthen cooperation with industry sector by digital transformation and innovation.
Schools need to increase investment to master the new technologies required for digi-
tal transformation, including cloud computing, big data analysis, artificial intelli-
gence, etc., and apply them to collaborative projects with enterprises. At the same
time, schools need to work together with enterprises to pay attention to data security
and information protection, and take corresponding measures to ensure data security
during the cooperation process. By strategic partnership, the UASTs can establish
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service centers for local enterprises, increasing their investment in talent cultivation
and scientific research for local development.

5 Conclusion

Integration of industry and education is the inevitable path for UASTs to cultivate
social-needed applied talents. The Triple Helix Model emphasizes the “university-
industry-government” relations in the increasingly knowledge-based economy and
provides a theoretical framework to solve the existing problems in China’s industry-
education integration. To deepen the integration of industry and education, the gov-
ernment, enterprises, and universities need to further enhance their joint efforts. This
article, through literature review and survey analysis, discusses the problems of indus-
try-education integration in applied universities of science and technology in China
from the perspective of the triple helix theory. Based on the analysis, it puts forward
countermeasures and suggestions to promote the development of industry-education
integration from three aspects: playing supervision role of the government for top-
level design, playing innovation role of enterprises in the industry-education integra-
tion implementation, and playing practice role for colleges and universities to serve
local development. This study contributes to the existing literature by combining the
triple helix theory with industry-education integration for UASTs, which enriches the
theoretical and practical research on the development of applied unicersities in the
post pandemic era.
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