




Enhancing Marine Talent Development in Lianyungang: A CDIO-Based Strategic Approach

Abstract: The ocean is a strategic location for high-quality development. As Marine economic activities are technology-intensive and capital-intensive industrial fields, a large number of talents with innovation ability, cross-border integration and international vision are needed. As one of the first coastal open cities in China, Lianyungang needs to do a good job in the construction of Marine talents and show its due responsibility as a port city. Starting from the current situation and existing problems of the construction of Marine talents in Lianyungang, this paper takes CDIO mode as the research perspective, and puts forward research ideas and countermeasures for the construction of Marine talents team from four aspects: conceive, design, implement and operate.
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I. Introduction
It is clearly stated in the report of the 20th National Congress of the Communist Party of China that "develop the Marine economy, protect the Marine ecological environment, and accelerate the construction of a Marine power". Marine talents are an important supporting force for the construction of a Marine power, and the main driving force for the sustainable development of the Marine industry. Lianyungang is located in the central coastal area of China, facing the Yellow Sea in the east. It is one of the first coastal open cities in China. Lianyungang has a sea area of 7516 square kilometers and a coastline of 195.88 kilometers. It has a complete range of coastal types, including Lian Island, Qinshan Island, Ping Island and other 20 islands, among which Lian Island is the largest bedrock island in Jiangsu Province, and Haizhou Bay fishing ground, one of the eight major fishing grounds in China, gathers a variety of Marine resources such as "harbor, fishery, scenery, island, Tu, energy" and the only comprehensive Marine university in Jiangsu Province.​ We will strive to strengthen the maritime map, strengthen coordination between land and sea, accelerate the cultivation and expansion of modern Marine fisheries, gather momentum and energy to promote high-quality development of the Marine economy, and show greater responsibility in building a strong maritime province and maritime power. To comprehensively promote the new practice of Chinese-style modernization of Lianyungang to open up a new track and inject blue momentum [19,20]. Marine undertakings are science and technology intensive and talent intensive undertakings, and Marine talents are the first resource for developing Marine undertakings and shaping urban Marine competitiveness.
In recent years, the marine economy of Lianyungang City has been developing vigorously. The marine gross domestic product (GDP) has grown from 68.28 billion yuan in 2015 to 104.28 billion yuan in 2022, with an average annual growth rate of 6%, accounting for as high as 28% of the city's total GDP. However, there is a significant gap between the construction of the marine talent team and the development needs of the marine economy in Lianyungang City, mainly reflected in the following aspects: According to the marine economic development plan of Lianyungang City, the total marine economic output value is expected to reach 130 billion yuan by 2025, with an average annual growth rate maintained at over 6%. However, currently, the total number of marine talents in Lianyungang City is approximately 25,000, while according to industry demand forecasts, the total number of talents needed in marine economy-related fields will reach about 40,000 by 2025. This means that the current marine talent gap is about 15,000, with a gap ratio as high as 37.5%. The marine economy of Lianyungang City is transforming and upgrading from traditional fishery and port logistics to high-end industries such as marine high-end equipment manufacturing, marine biomedicine, and marine new energy. However, currently, the proportion of high-level talents in the marine talent team is only 15%, while the demand for high-level talents in high-end industries is expected to reach over 30%. This means that the gap ratio of high-level talents is about 15%, that is, approximately 6,000 people. The demand for marine talents in key development areas of Lianyungang City (such as Lianyungang Economic and Technological Development Zone and Xuewei New District) accounts for over 60% of the city's total, but the current talent concentration in these areas is only 40%. This means that the talent gap ratio in key areas is about 20%, that is, approximately 8,000 people. The average annual growth rate of the marine economy in Lianyungang City is 6%, while the average annual growth rate of the marine talent team is only 3%. This means that the growth rate of talents is only half of the economic development rate. In the long term, the supply of talents will not be able to meet the needs of economic development. There is a significant gap between the construction of the marine talent team and the development needs of the marine economy in Lianyungang City, mainly reflected in aspects such as talent quantity, quality, structure, distribution, and training speed. To narrow these gaps, Lianyungang City needs to increase efforts in marine talent cultivation and introduction, optimize the talent structure, and enhance the quality of talents, especially by taking effective measures to increase the talent concentration in high-end industries and key areas, so as to better support the sustained and rapid development of the marine economy, promote the construction of a leading modern marine city, and build a strong marine city.
The CDIO model emphasizes the whole process from Conceive, Design, Implement to Operate, which is highly consistent with the complexity of the Marine industry. The Marine industry involves multiple disciplines, such as Marine engineering, Marine science, Marine resource management, etc. CDIO mode can help learners to organically integrate the knowledge of various disciplines and form a systematic knowledge system, so as to better deal with the practical problems in the Marine industry. The CDIO model advocates "learning by doing", that is, learning by doing. Marine industry is a highly practical field, and the training of Marine talents requires not only theoretical knowledge, but also practical operation ability. Through the CDIO model, learners can conceive, design, implement and operate in simulated or real Marine environments, thus enhancing their practical and problem-solving skills. CDIO mode focuses on the cultivation of comprehensive quality, including technical ability, teamwork, communication ability, innovative thinking and so on. The Marine industry often requires interdisciplinary and cross-field cooperation, and Marine talents not only need to have professional skills, but also need to have good teamwork and communication skills. The CDIO model cultivates the comprehensive quality of learners through project-driven learning, so that they can better adapt to the needs of the Marine industry. The CDIO model is problem-oriented and emphasizes learning by solving practical problems. The problems faced by the Marine industry are often complex and changeable, such as Marine resource development, Marine environmental protection, and Marine disaster prevention. Through the CDIO model, learners can develop innovative thinking and problem-solving skills in the process of solving practical problems, so as to better cope with challenges in the Marine industry. CDIO mode provides an operable talent training framework, which can help optimize the existing Marine talent training system. Through the CDIO mode, a more scientific and reasonable talent training plan can be designed to ensure that learners can obtain comprehensive knowledge and skills in the learning process. At the same time, the CDIO mode also provides standards for testing and evaluation, which can scientifically evaluate the learning effect of learners, so as to continuously optimize the talent training program. To sum up, the CDIO model is very suitable for the training of Marine talents through its characteristics of systematization, practicality, comprehensive quality training, industrial connection and problem orientation. It can not only help learners master the knowledge and skills required by the Marine industry, but also cultivate their innovative ability and problem-solving ability, thus providing high-quality talent support for the development of the Marine industry. Through the combination with the CDIO model, the Marine talent training system of Lianyungang can be further optimized to better meet the needs of the Marine industry.
This research makes a valuable contribution to the field of maritime talent development, focusing on the case of Lianyungang City in China. The paper proposes a systematic approach to maritime talent development using the CDIO (Conceive-Design-Implement-Operate) model. This is particularly relevant given China's aspirations to become a maritime superpower and the need for skilled professionals in the sector. The study can serve as a reference point for other coastal cities and regions facing similar challenges in developing maritime talent.
2. The main practices of Lianyungang marine talent training
2.1Strengthen policy support for the cultivation of marine talents
​ The Marine industry action plan issued by Jiangsu Provincial Government in 2023 clearly proposes to deepen the construction of Lianyungang Marine Economic Development Demonstration Zone, build a modern Marine city with mountain and sea characteristics, and build a gathering place of Marine talents. Lianyungang City fully implements the decisions and deployment of the Central and provincial Party committees, and puts the construction of a strong Marine city in a more important position. It has successively issued policies such as the Three-year Action Plan for Marine Science and Technology Innovation of Lianyungang City (2023-2025) and the Talent Development Plan of Lianyungang during the 14th Five-Year Plan Period to actively attract, cultivate and retain Marine talents. Focusing on emerging industries such as Marine technology, we will strengthen project funding and supporting incentives, and introduce and train a group of high-level innovation and entrepreneurship talents and teams, the document said. Lianyungang City has included talents in key Marine industries into the introduction plan for high-level and urgently needed talents, and encouraged employers to introduce high-end Marine talents through flexible ways such as consultant guidance and project cooperation. In addition, Lianyungang also encourages colleges and universities to speed up the establishment of emerging Marine industry majors, fully support the construction of Jiangsu Ocean University as a doctoral degree granting unit, support the construction of Marine related majors and coastal campus.
The implementation of these policies and measures has made Lianyungang city achieve remarkable results in the construction of Marine talents. Through the introduction and training of high-level talents, Lianyungang city not only improves the ability of Marine scientific and technological innovation, but also promotes the rapid development of Marine industry. At the same time, the professional setting and construction of colleges and universities also provide a solid foundation for the training of Marine talents, and further consolidate the position of Lianyungang city as a gathering place of Marine talents.
2.2Strengthen the carrier support for the cultivation of marine talents
In recent years, Lianyungang City has made great efforts in Marine resources, adhering to the "external introduction and internal training" two-way efforts, focusing on the introduction of high-end talents, high-energy platforms, high-value projects; We will accelerate inward tapping of potential and integration of resources to provide scientific and technological support for the development of the Marine industry. Layout of professional incubation carriers for sea-related industries; It undertook the first through train for science and technology financial services in northern Jiangsu, carried out activities such as "Expert Travel to serve 100 Enterprises", introduced 72 vice presidents of science and technology in universities related to the sea, cultivated 33 high-tech enterprises related to the sea, and accelerated the "climbing up the scale" of enterprises related to the sea. Actively integrated into the construction layout of Jiangsu coastal science and technology innovation corridor, it has 35 marine-related innovation platforms, and 6 innovation platforms have been included in the construction list of 20 key Marine science and technology innovation platforms in Jiangsu Marine Industry Development Action Plan, ranking first in the province. Set up a special service class to promote the construction progress of gas turbine scientific device, which is the only one of the two national major scientific and technological infrastructure in north Jiangsu and the only one in the province. Kangyuan Pharmaceutical was successfully approved as a national key laboratory and joined the Jiangsu Laboratory Alliance, introducing academician Tian Jinzhou to co-build academician workstation. We will promote the transfer and transformation centers of achievements in the construction of Jilin University, Ocean University of China, Shanghai Ocean University and other universities. It has signed cooperation agreements with the China-Israel Exchange Center and the Guangdong CIS International Science and Technology Cooperation Alliance, reached cooperation intentions with the University of Haifa in Israel, promoted the construction of the Belt and Road Technology transfer Center, and accelerated the transformation of sea-related achievements at home and abroad. The coastal campus of Jiangsu Ocean University has been approved for construction, and the Marine discipline has become a provincial dominant discipline.
2.3Strengthen cooperation and exchanges in the cultivation of marine talents
Lianyungang City has made extensive efforts to cultivate Marine talents, hired 5 academicians as consultants for Marine economic development of Lianyungang city, and gathered 35 scientific research forces to establish the only ocean-related industry-university-research cooperation alliance in Jiangsu Province. We will make every effort to build a platform for the transformation of high-level achievements, laying a good foundation for the training and development of Marine talents. We introduced two academician teams, set up a joint research and development laboratory for Marine corrosion protection engineering technology, accelerated the construction of a blue carbon laboratory and a Marine high-end equipment manufacturing platform, and issued an open fund. To build major platforms led by Taihu Laboratory Lianyungang Center and Jiangsu Province Marine Resources Development Technology Innovation Center, gather high-level Marine science and technology innovation elements at home and abroad, cultivate a number of dynamic Marine science and technology innovation subjects, and establish Jiangsu Province marine-related industry-university-Research Cooperation Alliance, "Future Marine Industry Venture Capital Alliance" and new material Industry-university-research cooperation Alliance. A total of 412 enterprises have been promoted to establish 580 school-enterprise alliances with 14 universities and institutes related to the sea. Establish a Marine talent training base, carry out joint training and order-type training of Marine talents, promote the construction of Marine talent innovation platform, strengthen cooperation with well-known domestic marine-related universities, research institutes and leading Marine enterprises, establish a marine-related industry-university-research cooperation alliance, and build a provincial Marine resource development technology innovation center.
3.The main problems in the cultivation of marine talents in Lianyungang
3.1The education system for marine talents needs to be strengthened
The marine education resources in Lianyungang are relatively limited, and the construction of a modern marine city urgently requires an adequate supply of marine professionals and a robust talent pipeline. Despite Lianyungang's ongoing efforts to advance marine science, investment in marine education resources remains insufficient. The level of marine scientific research platforms is relatively low, with an overall backwardness in standards and a scarcity of scientific and technological talent. Currently, Lianyungang has only two institutions dedicated to marine education, whose marine-related majors and disciplinary training models are relatively traditional, emphasizing theory over practice. Additionally, the city has only five research and experimental development institutions. In contrast, coastal cities such as Qingdao and Xiamen boast a greater number of high-level marine universities and research institutions. For instance, Qingdao is home to the Ocean University of China and the Institute of Oceanology of the Chinese Academy of Sciences, while Xiamen has the College of Ocean and Earth Sciences at Xiamen University. These cities significantly outperform Lianyungang in terms of the richness and diversity of marine education resources. Universities in Qingdao and Xiamen offer more cutting-edge marine disciplines, emphasizing interdisciplinary integration and practical skills training, which better meets the talent demands of emerging marine industries. Furthermore, Lianyungang places insufficient emphasis on basic marine education, with limited provision of specialized and distinctive marine knowledge education, a lack of general education, and inadequate marine science popularization. This has resulted in a relatively weak marine awareness and sense of marine territory among residents.
3.2The training mechanism for marine talents needs to be improved
In terms of institutional mechanisms, compared with other coastal cities, Lianyungang has obvious gaps in talent construction and development. First of all, Lianyungang lacks a unified talent development plan, the functions of relevant government departments in coordinating various types of marine talents have not been fully operationalized, and the linkage mechanism between regulatory departments, industrial authorities, and human resource departments has not been effectively formed. In contrast, Qingdao, Dalian and other coastal cities have established a more perfect talent synergy mechanism, which can better integrate resources and promote talent development. Second, Lianyungang's maritime talent introduction mechanism is not flexible enough and lacks continuity, which makes it difficult to attract high-level maritime talents and advanced maritime technology. Compared with Shenzhen, Shanghai and other advanced maritime cities, Lianyungang in the treatment of talents, scientific research environment and other aspects of the obvious short board, resulting in the introduction of a limited number of young maritime talents, and the quality is not high. 
3.3The strategy of cultivating marine talents needs to be optimized
First of all, there is no social atmosphere that attaches importance to the cultivation of Marine talents, although various departments and industries have recognized the importance of talents and adopted a series of talent introduction measures, talent training and management systems. However, the actual status of talents has not been paid enough attention. Some of them change careers and invest in enterprises and commerce due to low treatment and low income. Therefore, Marine talents would rather obtain a richer income than invest in the further study and improvement of science and technology and knowledge. Secondly, the fund guarantee for the training of Marine talents is insufficient. Compared with other coastal cities, there is still a big gap between Lianyungang's investment in the training of Marine talents and its material incentive to Marine talents. Finally, the awareness of Marine culture is not strong. The importance of the ocean and the significance of cultivating Marine talents are undoubtedly reflected and valued under the influence of Marine culture. The Marine culture of the Chinese nation has a long history, but the awareness of Marine culture is not much left in the minds of the masses. The publicity of Marine culture in all walks of life is not enough, and the effect of Marine culture construction is not obvious, which indirectly affects the training of Marine talents.
4.Based on the idea of Lianyungang marine talent training under the CDIO model
4.1Conception stage - overall layout of talent training strategic mechanism
In the conception stage of Marine talents training, it is necessary to optimize the overall design of Marine cultural industry talents training based on the problems existing in Marine talents training: From a macro point of view, we should formulate a scientific strategic plan for the development of Marine talents, establish the strategic principle of giving priority to the development of talents, make a macro, strategic and forward-looking comprehensive plan for the scale, structure, layout, policies and measures of the development of Marine talents, and lead the healthy and coordinated development of the construction of Marine scientific and technological talents. We will incorporate the construction of Marine talents into the overall planning of talent construction of governments at all levels, and make overall plans for the construction of talent teams in various marine-related industries. From the micro point of view, it is necessary to formulate a set of practical standards for strengthening the implementation of Marine talents, and put forward some targeted suggestions for various types of Marine talents, increase the introduction of Marine talents, promote the development of Marine human resources information base, and integrate Marine talents. And adopt key introduction, welfare policy incentive and other ways to implement the purpose of talent training.
It can create a Marine talent highland integrating talent training, scientific research and innovation, and industrial incubation. The highland can be jointly established by the Oceanic Administration and the Ministry of Education, together with key universities, research institutes and leading enterprises. The government will provide policy support and financial guarantee, universities and research institutes will provide teachers and research platforms, and enterprises will provide practical positions and employment opportunities. Adopt innovative training mode: "Ord-type" training (customized training of talents in Marine science and technology, Marine engineering, Marine management and other fields according to the needs of enterprises), "double tutorial system" (each student is equipped with university mentors and enterprise mentors to jointly guide learning and practice), "project system" teaching (taking actual Marine industry projects as the carrier, let students participate in the whole process of the project and improve their practical ability). The key laboratory of Marine science and technology and the training base of Marine engineering will be built to provide advanced scientific research and practice platforms for students. Enterprises are encouraged to provide internship positions, so that students can go deep into the front line of enterprises and understand the industry dynamics and technology needs. Regularly organize students to participate in Marine scientific investigation, Marine survey and other practical activities to enhance Marine awareness and practical ability. Establish a Marine talent database: integrate Marine talent information to achieve precise docking of talent supply and demand. Build an online learning platform: Provide online courses, expert lectures and other resources in the Marine field to facilitate students' learning and communication.
4.2Design stage - innovate the training mechanism of marine talents
When designing the innovative introduction mechanism of Marine high-quality talents, we should take the regional development needs as the core, implement diversified introduction strategies, and ensure the deep integration of talents and regional development. The following innovative personnel training mechanisms can be adopted:
1. Dual appointment system of scholars and experts: The dual appointment system of scholars and experts is introduced, that is, the imported high-level talents can not only hold academic positions in universities or scientific research institutions, but also serve as consultants or technical guides in local governments or enterprises. This dual identity can not only promote the combination of academic research and practical application, but also provide more targeted intellectual support for local development.
2. Precise introduction and demand matching: according to the development needs of the regional Marine industry, precise introduction of high-level Marine science and technology talents. By establishing a "demand-talent" matching database, it is ensured that the introduced talents can directly serve key industries and major projects in the region. At the same time, universities, enterprises and research institutes related to the sea are encouraged to jointly set up a special program for the Introduction of Marine Talents to attract top talents from around the world.
3. Cross-regional cooperation and resource sharing: Strengthen cooperation with universities, enterprises and research institutes in the surrounding coastal areas, and establish a cross-regional platform for Marine talent exchange. Through digital management means, the sharing and collaborative development of Marine human resources in various regions should be realized. Activities such as Marine industry summit forum and technology exchange meeting are regularly held to promote interaction and cooperation between talents.
4. Multi-level talent training and incentive mechanism: Differentiated training and use plans should be formulated for different types of Marine talents. The "Marine Talents Growth Fund" has been set up to support the scientific research, innovation and career development of young talents. At the same time, a fair and just incentive mechanism will be established, the tenure system will be abolished, a competition mechanism will be introduced, and special awards such as the "Marine Innovation Contribution Award" will be set up to encourage talents to make breakthrough contributions in the field of Marine science and technology.
Through the design and implementation of the above mechanism, it can not only effectively improve the development level of the regional Marine industry, but also provide a broad platform for the growth of Marine talents, and finally realize the win-win situation of Marine economy and talent development.
4.3Realization stage: increase investment in education and scientific research, and improve the multidisciplinary interdisciplinary mixed training model
In the design stage, it is necessary to increase investment in Marine knowledge education and scientific research, vigorously promote the construction of Marine science laboratories and Marine research infrastructure, increase capital investment and set up special funds, create a good scientific research and entrepreneurship environment, strengthen the construction of libraries and networks, provide scientific research materials and scientific research guidance personnel, and provide a superior scientific research environment for Marine talents. In addition, we should strengthen active exchanges with advanced Marine cities, learn advanced technologies, master high-tech, and provide scientific research support for the training of Marine talents. The development and progress of the Marine cause not only needs talents of various professional Marine disciplines, but also needs interdisciplinary talents who not only understand professional Marine knowledge, have professional Marine professional skills, but also understand politics, economy, law and operation and management. To some extent, the complexity of the Marine business determines that its requirements for interdisciplinary Marine talents are more stringent than those of other industries. At the same time, with the continuous emergence of the emerging Marine industry and the continuous development of the service industry, the number of innovative talents in the Marine industry is becoming higher and higher. Moreover, the characteristics of Marine talents are also developing towards universality and diversity. The emerging Marine industry not only needs talents in Marine disciplines such as Marine biology, but also needs inter-disciplinary talents with high ataccomplishes in politics, economy, law and management. It can be seen from this that Marine education belongs to a compound and interdisciplinary applied discipline. Therefore, it is necessary to carry out innovative changes in the teaching implementation mode of Marine culture courses by rationally allocating educational resources, constantly optimizing the structure of higher education, and guiding colleges and universities to give full play to their advantages in setting and adjusting Marine professional disciplines. At the same time, it is necessary to strengthen the training of multi-disciplinary integrated talents for Marine talents, and scientifically arrange the multi-disciplinary integrated curriculum. Examples include: Marine biotechnology and medicine, Marine renewable energy engineering, Marine robotics technology and application, Marine history and culture, Marine policy and law, Marine economy and Sustainable development, and Marine tourism and leisure management.
4.4Operation stage - to build a new carrier for the development of marine talents, and promote the in-depth integration of production, education and research
In the operation stage, further integration of industry, university and research should be promoted to give full play to the optimal role of the three parties. First, we will build a number of scientific and technological innovation teams and scientist studios led by world-class scientists. We will establish a Marine personnel training system guided by social needs, with marine-related enterprises as the main body and Marine research institutes and universities as the support, and gradually form a new model of integrated development of industries, universities and research institutes. Secondly, we should give full play to the city's existing advantages in Marine talents, rely on national major projects and scientific research platforms, focus on the implementation of national Marine strategy and the needs of far-reaching Marine development, and attract world-class Marine strategic scientists and all kinds of Marine talents centering on key industrial chains such as Marine equipment. At the same time, Marine institutions actively promote in-depth cooperation with universities and scientific research institutions, encourage education, enterprises, scientific research institutions and other relevant units to form a new cooperation mechanism, adopt the way of education synchronization, school-enterprise synchronization, public institutions cooperate with relevant universities to jointly carry out scientific research projects, use the research resources and advantages of the university, and improve their own scientific research level. We will strengthen the development of talent carriers such as Marine innovation practice bases, Marine talent training bases and post-doctoral research stations, and support the establishment of marine-related industry-university-research cooperation alliances with well-known domestic marine-related universities, research institutes and leading Marine enterprises. Finally, institutions provide internship opportunities to outstanding college students, providing students with a practical platform for Marine conservation research. Promote further cooperation between Marine colleges and Marine enterprises, build a scientific and technological innovation platform and practical production base integrating industry, university and research, and provide a booth for the training of Marine talents. For example, Jiangsu Ocean University cooperates with Lianyungang Port Group to carry out research on the development and utilization of Marine resources. It has successfully developed new extraction technologies for Marine living resources, enhanced the economic value of Marine resources, and promoted the development of related industries. Cooperated with Jiangsu Marine Environmental Monitoring Center to conduct research on Marine environmental protection technology. It has developed efficient Marine pollution monitoring and treatment technology, which has significantly improved the quality of offshore environment and has been widely recognized by the government and society.
5.Conclusion
With the rapid development of Marine economy and the implementation of the strategy of maritime power, the demand for Marine talents is increasing. How to cultivate a talent team with good quality, good structure and high efficiency has been an urgent problem to be solved at present. Based on the current situation of the training of Marine talents in Lianyungang, this paper discusses the direction and thinking of the future construction of Marine talents in Lianyungang based on the CDIO model. In the training of Marine talents, the CDIO mode can help students better understand the complex problems in the fields of Marine engineering and Marine resource development, and cultivate the ability to solve practical problems through teamwork and practical operation. In addition, the CDIO model also emphasizes the integration of interdisciplinary knowledge, which can help students form comprehensive literacy in Marine science, engineering technology, environmental protection and other fields, so as to meet the needs of modern Marine industry for interdisciplinary talents. Through the introduction of CDIO mode, Lianyungang can explore an innovative path in Marine talent training that conforms to local characteristics and ADAPTS to future development, providing solid talent support for the sustainable development of Marine economy.
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