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ABSTRACT

Against the backdrop of the rapid development of new productive forces and deepening implementation of the "dual
circulation" strategy, the high-quality development of port and shipping logistics—serving as a core hub in global supply
chains—requires highly skilled technical professionals. Building on Shandong Port Group's (hereinafter "Shangang")
strengths in state-owned enterprise-based education and aligned with Qingdao's regional economic development strategy,
this study systematically analyzes emerging talent cultivation demands driven by the digital, green, and global transformation
of port logistics. By integrating "university-port integration" practices with educational-research synergies, it establishes a
"three-dimensional drive, four-level linkage" talent development model: industry-education integration driven by Shangang's
unique characteristics, regional adaptation guided by "service-oriented development of the peninsula,” and international
collaboration propelled by global vision. This framework creates a four-tiered coordination system encompassing policy,
industry, education, and evaluation. Through practical applications like smart cold chain logistics and digital twin ports, the
study proposes implementation pathways including curriculum restructuring, training platform development, and faculty
capacity building. Field evidence demonstrates this model achieves seamless alignment between talent cultivation and
industrial needs, offering replicable "Qingdao Solutions" for vocational education to support high-quality development of
port-oriented economies.
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INTRODUCTION

vancing Chinese modernization, it is imperative to
strengthen the strategic role of talent development and

The Report to the 20th National Congress of the Com- improve the alignment of vocational education with in-

munist Party of China cleatly sets forth the goal of "ac-
celerating the development of new quality productive
forces" and emphasizes that "education, science and
technology, and human resources constitute the founda-
tional and strategic underpinnings for building a modern
socialist country in all respects"!l. In the course of ad-

dustrial need?. As a vital link connecting the domestic
and international circulations, the port, shipping and lo-
gistics industry is undergoing a fundamental transforma-
tion from a traditional labor-intensive sector to a "digital
plus green" technology-intensive sector. Major technolo-
gical breakthroughs involving hydrogen energy and 5G
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have been achieved at the fully automated terminals of
Qingdao Port. COSCO Shipping Holdings has built a
digital twin management and control system for energy
at global ports. In 2024, the container throughput of
ports above the designated size nationwide reached 300
million TEUs, with the contribution rate of smart tech-
nologies exceeding 40%. This transformation has put
forward brand-new requirements for talents in terms of
digital literacy, green skills, and international vision*.

Meanwhile, the Plan for Building the Qingdao Pilot
Zone of Shandong Demonstration Zone for Building a
Powerful Transportation Country (2025-2035) explicitly
proposes that Qingdao shall develop into "a pilot zone
for hub economy with international influence". The 14th
Five-Year Plan for Logistics Industry Development of
Qingdao further sets a target of increasing the added
value of the logistics industry to more than 190 billion
yuan by 2026. As the wotld's largest port group, Shan-
dong Port Group has expanded its overseas layout to 10
countries across Asia, Africa, and Europe. It is in urgent
need of technical and skilled talents who are familiar
with both Chinese standards and international rules to
support its global operations®.

At present, three major structural contradictions exist in
the training of port, shipping and logistics talent. First,
the traditional curriculum system falls behind the tech-
nical demands of smart ports, lacking content covering
new technologies such as intelligent quay crane opera-
tion and digital cold chain management and control.
Second, training scenarios are disconnected from real in-
dustrial settings, and 70% of vocational colleges lack
training facilities for automated terminals. Third, interna-
tional adaptability remains insufficient, with only 15% of
vocational colleges offering cross-border logistics
courses. Based on the school-port integration educa-
tional philosophy of Shandong Port Group, this re-
search explores a distinctive talent training model. It can
not only provide a practical model for cultivating applied
talents to support the high-quality development of Qing-
dao’s port and shipping industry, but also address the in-
dustry challenge of "rapid industrial upgrading versus
slow talent supply"!.

RESEARCH STATUS AND METHODS

Research Status and Trends

Domestic Research. Chinese academia has focused on
the industry-education integration pathways for cultivat-
ing port and shipping logistics talents. Qingdao Harbor
Vocational and Technical College proposed the "2351"
integrated talent cultivation model to realize in-depth in-
tegration of post standards, curriculum standards, and
competition-certificate standards. From the perspective
of new productive forces, Guo Fuchun et al. constructed
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a vocational education transformation model featuring
"data-driven - technological iteration - industrial upgrad-
ing - institutional innovation". Ji'an Vocational and
Technical College practiced the four-party coordination
of "government, school, industry and enterprise", incot-
porating real enterprise projects into teaching. Neverthe-
less, most existing research emphasizes innovation from
a single dimension, lacking a systematic framework in-
tegrating the trinity of "enterprise characteristics - re-
gional adaptation - international coordination".

Foreign Research. Globally, attention has focused on
the technical adaptability and international coordination
of port and shipping talents. Tokyo Harbor Vocational
College in Japan built a "post-modulat" curriculum sys-
tem, breaking down the operation of automated equip-
ment into 12 training modules. Through the dual educa-
tion system, the Port of Bremen in Germany arranges for
trainees to spend 50% of their time conducting practical
operations in port enterprises. International Chamber of
Shipping (ICS) released the *2025 Port and Shipping Tal-
ent Competency Framework™®, highlighting digital literacy
and cross-cultural collaboration capabilities. However,
foreign models may not fully align with China's port de-
velopment pattern led by state-owned enterprises, creat-
ing an urgent need for localized innovation.

Research Ideas and Methods

Research Ideas. This research follows the logical se-
quence of "industrial demand - model construction -
practical verification - optimization and promotion".
Firstly, it analyzes the new competency requirements for
talents in the port and shipping logistics industry under
new productive forces. Secondly, it integrates the
school-running resources of Shandong Port Group and
regional policies of Qingdao to construct a distinctive
talent cultivation model. Finally, it proposes optimiza-
tion paths through case analysis and data verification.

The following methods are adopted to carry out research
focusing on the industrial development of port and ship-
ping logistics and the supply of talent cultivation:

Literature Research Method: More than 120 Chinese and
foreign literature sources covering vocational education
reform, port and shipping industrial upgrading, and
other fields are systematically sorted out, among which
core journal papers account for 65%.

Case Study Method: In-depth analysis is conducted on 8
typical cases, including the "integrated college-port"
practice of Qingdao Harbor Vocational and Technical
College and the youth training system "Youth Lecture
Hall" of Shandong Port Group.

Investigation and Interview Method: Interviews were
carried out with 32 respondents, including senior human
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resource managers of Shandong Port Group, technical
directors of port and shipping enterprises, and higher
vocational teachers, and 216 valid questionnaires were
collected.

Expert Research Method: The experts, scholars, and
high-skilled professionals in the port and shipping in-
dustry participating in the research are authoritative lead-
ing scholars and experienced practitioners in the field,
providing important support for this research project.

THE REALISTIC CONTEXT AND COMPET-
ENCY DEMANDS OF PORT AND SHIP-
PING LOGISTICS TALENT CULTIVATION

Industrial Transformation: New Quality Pro-
ductivity Reshaping the Port and Shipping
Logistics Ecosystem

Technological iteration is driving a transformation in
business models. The deep integration of technologies
such as the Internet of Things (IoT) and artificial intelli-
gence (Al) in the port and shipping sector has given rise
to new business models, including smart cold chain lo-
gistics and digital twin ports. The COSCO Shipping
Holdings "MYREEFER" platform achieves the "integ-
ration of three networks" within the cold chain supply
chain through real-time data monitoring of over 100,000
intelligent refrigerated containers; meanwhile, at the fully
automated terminal of Rizhao Port operated by Shan-
dong Port Group, the single-unit efficiency reaches 36
TEUs/hour, while costs are reduced by 20%. These de-
velopments require professionals to possess skills in re-
mote equipment control, data processing and analysis, as
well as intelligent system operation and maintenance.

Green development is leading the direction of industry
transformation; the "Dual Carbon" goals are driving
ports toward a low-carbon transition. The CSP Global
Port Energy Digitalization Platform enables compre-
hensive energy consumption management through "pre-
event prediction, in-process monitoring, and post-event
analysis"; Qingdao Port has established the world's first
"Hydrogen-Powered + 5G" smart terminal. Green skills
have become core competencies, encompassing areas
such as shore power system operation, carbon footprint
calculation, and green logistics solution design.

The global expansion strategy of Shandong Port has
strengthened the demand for international collaborative
capabilities. Having established multiple overseas
projects across Asia, Africa, and Europe, the group faces
an urgent need for international talents who "understand
technology, are familiar with standards, and excel at col-
laboration." Qingdao Port & Bay Vocational and Tech-
nical College has set up educational institutions in 8
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countries, identifying a year-on-year average growth rate
of 18% in the demand for professionals capable of ad-
apting Chinese technical standards to local contexts in
overseas pofts.

Regional Positioning: Qingdao's Hub Eco-
nomy is in Urgent Need of Talent Support

As of November 2, 2025, Qingdao still faces challenges in
using new quality productive forces to drive the high-
quality development of its marine economy. Although
supported by policies such as the Free Trade Zone, the
production relations within the digital economy remain
lagging, which hinders the full realization of innovation's
leading role; there is a lack of globally competitive indus-
trial clusters, insufficient synergy among production
factors, and inadequate quality-driven drivers; con-
sequently, there is an urgent need to strengthen scientific
and technological innovation as well as the development
of quality infrastructure. Meanwhile, under the strategy
for maritime strategic development, the talent supply
from vocational education has failed to highlight Qing-
dao's unique advantages. Despite its supetior geographical
location and solid industrial foundation, the curriculum
design of vocational education remains disconnected
from the demands of the marine industry, practical re-
sources are scarce, and enterprise participation is low, res-
ulting in an insufficient supply of highly skilled and innov-
ative marine professionals, a pronounced mismatch
between talent supply and demand, and constraints on the
deep-level development of the marine economy.

The talent gap in the construction of international logist-
ics centers: Qingdao's "14th Five-Year Plan for the De-
velopment of the Logistics Industry" sets a target for the
added value of the logistics industry to exceed 190 bil-
lion yuan by 20206, requiring the addition of 15 new
Grade-A logistics enterprises. Research indicates that
there is a talent shortage of 23,000 digital technology
professionals in Qingdao's port and shipping logistics
sector, with the largest shortages occurring in positions
such as intelligent equipment operation and maintenance
and cross-border logistics operations.

Skill alignment requirements for the coordinated devel-
opment of the Shandong Peninsula: as the core of the
Shandong Peninsula urban agglomeration, Qingdao is
expected to serve as a hub that can radiate influence to
regions such as the Beijing-Tianjin-Hebei region and the
Yangtze River Delta. Models adopted by Hebei Port
Group, such as the "Maritime Shuttle Bus" and the
"Road-to-Rail Transition" initiatives, demand that pro-
fessionals possess skills in multimodal transport organiz-
ation and cross-regional logistics coordination; however,
the proportion of courses addressing these areas within
the current training system is less than 20%.
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Educational Bottleneck: Structural Imbalance
in Vocational Talent Development

The curriculum system is disconnected from industrial
demands. Traditional curricula lack content such as
automated terminal operations and digital cold chain
management. Only 30% of vocational colleges offer
courses on Al applications in the port and shipping sec-
tor, creating a technological gap compared with the tech-
nical requirements of enterprises, including COSCO
Shipping Holdings.

Training conditions fail to match real-world scenarios.
75% of vocational training bases are still equipped mainly
with traditional equipment such as cranes and forklifts,
lacking advanced facilities for digital twins and intelligent
monitoring. There is a notable disparity between stu-
dents' practical training and actual port operations.

The teaching faculty cannot keep pace with technological
advances. Less than 40% of teachers are dual-qualified
with work experience in port and shipping enterprises,
and merely 25% have participated in corporate technical
research projects, making it difficult for them to pass on
experience in cutting-edge technology applications.

THE CORE FRAMEWORK OF THE MOUN-
TAIN PORT-SPECIFIC TALENT CULTIVA-
TION MODEL: THE THREE-DIMENSIONAL
DRIVING SYSTEM

Relying on the unique advantage of Shandong Port,
characterized by state-owned enterprises running
schools and integrated college-port development, a
three-dimensional driving model of "industrial integtra-
tion - regional adaptation - international coordination" is
established to realize the in-depth alighment of talent
cultivation with enterprise development, regional eco-
nomy, and global layout.

First Dimension: Industry-Education Integra-
tion Driven by Mountain Port Characteristics

The innovation of the "Dual-Subject" educational mech-
anism has established an educational model character-
ized by "Shanport's leadership and institutional imple-
mentation": Shanport participates in the formulation of
talent cultivation programs by converting 12 enterprise
standards—such as port safety management and equip-
ment operation and maintenance—into curriculum
standards; together, they have established 40
industry—education integration training bases and de-
veloped 17 smart port practical projects, thereby achiev-
ing the goal of "moving the classtoom to the port tet-
minal and integrating practical training with production.”

A "three-stage progressive" competency development
pathway has been established. First, the foundational
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stage: through the "Youth Cultural Learning Centet,"
general education training on Al tool applications and
official document drafting is conducted to strengthen
basic professional competencies; second, the skill-based
stage: leveraging the "Youth Technical Training Hall's'
League-based + Scenario-based' model," practical train-
ing such as sandtable simulations and equipment bidding
is implemented to enhance core skills; third, the innova-
tion stage: participants engage in technical R&D projects
at the port, such as the iterative optimization of the A-
TOS intelligent control system for fully automated tet-
minals, thereby cultivating innovative capabilities.

The institution has developed an implementation frame-
work for the "Three Education Reforms": In terms of
textbook innovation, 12 innovative achievements from
Qingdao Port have been incorporated into textbooks,
and 20 specialized textbooks, such as Practical Guide to
Intelligent Terminal Operations, have been developed;
in terms of teaching method innovation, a "project-
based teaching + real-world practical training" model
has been adopted, introducing 46 real-world case studies,
including scenarios such as the loading of refrigerated
containers at the port front by COSCO Shipping; in
terms of faculty development, a dual-qualified teaching
team composed of "industry experts and university fac-
ulty" has been established, with key technical personnel
from the port department delivering an average of over
800 class hours per year.

The Second Dimension: Regional Adaptation
Driving Force for Serving the Peninsula
Focusing on the intrinsic demands of the development
of Qingdao Port's industrial sector and the principles
governing talent cultivation, this study has established a
"One Core, Multiple Polar" curriculum system. The core
of this system is the port and maritime logistics capabil-
ity, with multiple polar modules designed to meet the in-
dustrial needs of the Shandong Peninsula. The first
module is the hub economy module, integrating the con-
struction of Qingdao Port as an international transship-
ment hub under the Belt and Road Initiative; the second
module is the multimodal transport module, which adds
courses such as the "single-document system" for sea-
rail intermodal transport and inland port operations; the
third module is the regional service module, aligning
with the manufacturing clusters of the Shandong Penin-
sula by offering targeted courses such as automotive lo-
gistics and home appliance supply chain management.

To strengthen the collaborative talent cultivation plat-
form involving government, universities, industry associ-
ations, and enterprises, we have jointly established this
collaborative platform in collaboration with the Qingdao
Municipal Development and Reform Commission, Shan-
dong Port Group, COSCO Shipping Holdings, among
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others. The primary approaches adopted include: first,
jointly formulating the "Port and Shipping Logistics Tal-
ent Competency Standards," which encompass 18 com-
petency indicators across 3 major categories; second, es-
tablishing the "Peninsula Port and Shipping Talent Sup-
ply and Demand Database" to achieve dynamic align-
ment between talent cultivation and corporate needs; and
third, implementing "order-based training programs," un-
der which students trained through targeted programs at
Shandong Port account for 35% of the total cohort, with
a 100% employment rate upon graduation.

To address the development needs of Qingdao's green
logistics sector, specialized training programs for green
skills have been established, offering courses such as
"Port Carbon Management” and "Green Cold Chain
Technology," while also constructing a "Zero-Carbon
Freight Training Center" equipped with practical training
facilities—including wind power generation systems and
shore power solutions—for cultivating professionals
aligned with green development goals!®.

Third Dimension: Global International Collab-
orative Drive

Taking the integration of industry and education as well
as school-enterprise cooperation in the new era as the
fundamental guideline, this approach creates a new
model in which port and shipping vocational education
closely serves industry needs. Studies have innovated the
dual-track school-running mechanism of "domestic +
overseas" and established the cooperation model of
"Shandong Port overseas projects + overseas colleges".
The "Ban-Mo College" has been set up in countries in-
cluding Egypt and Pakistan to offer junior college educa-
tion covering port logistics, machinery maintenance, and
other fields, with 78 enrolled students. Tailored training
programs on "Modern Port Operation and Manage-
ment" have been provided for the Tanzania Ports Au-
thority, covering green port construction, risk preven-
tion and control, and other content™'’),

Studies have accelerated the enhancement of capabilities
in localizing and exporting international standards. The
International Chamber of Shipping (ICS) competency
framework has been introduced, and six talent training
programs for majors have been revised. Six internation-
ally applicable professional standards and 20 core
courses have been developed, promoted, and applied in
10 countries. We facilitate the mutual recognition of port
vocational qualifications between China and Egypt, and
build an international certification system featuring
"Chinese language + port and shipping skills".

For international training combining "cloud-based and
offline modes", the Cloud Harbor College has been built
to provide remote training via AR technology. Egyptian
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trainees are arranged to intern at Qingdao Port and par-
ticipate in automated terminal operations, thereby facilit-
ating the target transfer of "Chinese technology + local
talents"""',

SUPPORT SYSTEM FOR MODEL OPERA-
TION: FOUR-LEVEL COORDINATION
MECHANISM

Policy Support: Establishment of an Institu-
tional Support Framework

This initiative aligns with national strategies to imple-
ment the "Outline for Building a Transportation Power-
house," integrates talent cultivation into the key tasks of
constructing the Shandong Demonstration Zone for a
Transportation Powerhouse, and has received special
funding from the Qingdao Municipal Philosophy and
Social Sciences Research Program.

To strengthen local policy coordination, the Qingdao
Municipal Education Bureau and the Human Resources
and Social Security Bureau have jointly issued the "In-
centive Measures for Talent Development in Port and
Shipping Logistics," which provides subsidies of up to
500,000 RMB for school-enterprise cooperation projects
and offers tuition fee waivers for students who pass in-
ternational certification examinations.

Industrial Support: Strengthening the Leading
Role of Enterprises

Resource Investment Mechanism: Shanport has invested
an average of 20 million yuan annually in the construc-
tion of practical training bases; it also donated 43 units
(sets) of equipment, including intelligent quay crane sim-
ulators and cold chain monitoring systems, with a total
value exceeding 120 million yuan.

The talent recruitment feedback mechanism establishes a
closed-loop system characterized by "the port identifying
challenges, academic institutions addressing them, and
enterprises applying the solutions"; Shangang holds
quarterly talent demand symposiums and updates more
than 10 curriculum standards annually.

Educational Support: Deepening the En-
hancement of Teaching Quality

The quality monitoring system has established a three-di-
mensional evaluation model comprising "enterprise eval-
uation + institutional assessment + social certification";
the weight of enterprise participation in course evalu-
ation reached 40%, and the pass rate for graduate job
competency assessments increased from 72% to 95%.

The resource-sharing platform integrates resources such
as the Shanggang Digital Twin Terminal and the Qing-
dao Port Automated Terminal to establish a "Port and
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Shipping Logistics Digital Teaching Resoutce Database,"
which contains over 200 micro-lectures and 32 virtual
training projects.

Evaluation Support: Enhancing the Dynamic
Incentive Mechanism

The student incentive system implements a "Competi-
tion—Certification—Points System," under which awards
obtained in skills competitions and professional certifica-
tion exams can be exchanged for credits, granting priority
access to key projects at Shanhang; this mechanism fosters
avirtuous cycle of "competition - incentives - growth."

The teacher development mechanism establishes a growth
pathway comprising "corporate practice + research break-
throughs + international training"; teachers' participation
in corporate projects can be converted into teaching work-
load, and an average of 30 teachers are selected each year
for exchange programs at overseas institutions.

PRACTICAL OUTCOMES AND CASE VAL-
IDATION

Significant Improvement in Talent Develop-

ment Quality

Since adopting this model, Qingdao Port Vocational and
Technical College has seen an average annual increase of
25% in the number of awards won in student skills compet-
itions, with three Gold Awards received at the National
Smart Logistics Solution Design Competition; the pass
rate for the "1+X" certification program reached 92%, rep-
resenting an improvement of 30 percentage points com-
pared with the traditional model; the graduate employment
rate has consistently remained above 98% for three con-
secutive years, the recruitment rate among Shanport em-
ployees reached 45%, and nine key members of Liansteel's
innovation team are graduates of this college.

Regional Service Capabilities Continue to
Strengthen

Among the talents cultivated, 60% work for port and
shipping enterprises in the Shandong Peninsula, particip-
ating in 23 key projects, including the "Hydrogen-
Powered Terminal Construction" and "Maritime-Rail In-
termodal Transport Expansion" initiatives at Qingdao
Port; these efforts have helped Qingdao establish 8 new
Grade A logistics enterprises, contributed to reducing
the share of total social logistics costs in GDP by 1.2
percentage points, and indirectly generated economic be-
nefits exceeding 5 billion yuan.

International Influence is Gradually Expand-
ing

Over 3,000 overseas talents have been trained via plat-
forms including the Ban-Mo Academy, providing tech-
nical support for the Simandou Winning Alliance Project
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in Guinea and the renovation project of Alexandria Port
in Egypt. Courses such as Port Machinery Maintenance,
which were developed have been incorporated into the
teaching systems of universities in Egypt and Pakistan,
advancing the internationalization of China's port and
shipping standards.

Shandong Port "Youth Talent Development
Program": Typical Case Studies

Shandong Port has collaborated with Qingdao Port &
Bay Vocational and Technical College to implement an
integrated university-port youth talent cultivation
program!"'. Building upon Qingdao's model for cultiv-
ating port and shipping logistics professionals through
the integration of industry and education and the unific-
ation of theoretical knowledge with practical application,
the initiative has innovatively employed a dual-platform
approach—comprising both the "Military Training Hall"
and the "Cultural Learning Center" —to train 76 young
key personnel; among them, 16 individuals have received
national-level honors such as the "National Outstanding
Youth Professional Expert" title. The automated ter-
minal intelligent control system developed by this young
team has broken the world record for loading and un-
loading efficiency for the 13th time; these technological
achievements have been successfully applied and pro-
moted at five overseas ports, demonstrating the practical
value of this talent cultivation model.

CONCLUSIONS AND FUTURE DIREC-
TIONS

Research Findings

The "three-dimensional driving and fout-level linkage"
port and maritime logistics talent cultivation model de-
veloped in this study effectively addresses the issue of
disconnection between traditional training models and
industrial demands through deep integration of moun-
tain port-specific industry-education collaboration, pen-
insula-oriented regional adaptation, and global perspect-
ive-based international coordination. The core innova-
tions of this model lie in: leveraging the educational ad-
vantages of state-owned enterprises to establish a "uni-
fied school-port" talent cultivation ecosystem; using tre-
gional policies as an anchor to achieve precise matching
between talent supply and demand; and employing inter-
national collaboration mechanisms to promote the ex-
port of Chinese standards and technologies. Practice has
demonstrated that this model significantly enhances the
quality of talent cultivation and its alignment with indus-
trial needs, providing both theoretical and practical sup-
port for vocational education to serve the high-quality
development of the port-based economy.

Future Expectations
Technological empowerment will involve the use of Al
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digital twins, and other advanced technologies to estab-
lish a "Port and Shipping Metaverse Training Base," en-
abling a seamless transition between virtual operations
and real-world tasks; it also involves developing an ad-
aptive learning system to align with students' individual
development needs precisely.

The upgrade of international cooperation has facilitated
the establishment of 10 port and maritime vocational
education alliances with countries along the Belt and
Road Initiative, achieving mutual recognition of cur-
riculum standards and professional qualifications; the
coverage of the "Cloud Port Harbor College" has been
expanded, providing annual training for over 1,000 over-
seas professionals.

Regarding the expansion of research dimensions, future
work will focus on topics such as "New Quality Pro-
ductivity and Talent Capability Iteration" and "Interest-
Sharing Mechanisms for Regional Collaborative Talent
Development," conducting cross-regional comparative
studies to provide a more robust theoretical foundation
for optimizing and promoting these models.
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