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Abstract

This study addresses critical challenges in talent cultivation for railway communi-
cation specialties within higher vocational education, including insufficient job
alignment, curricular obsolescence, inefficient conversion of competition re-
sources, and disjointed certification evaluation. We propose an integrative strategy

connecting four core elements: occupational posts, curriculum design, skill com-
petitions, and professional certifications. Through systematic analysis of intrinsic
connections between industry demands, educational frameworks, technical con-
tests, and vocational credentials, the research identifies existing gaps in multidi-
mensional coordination mechanisms and delayed updates in instructional re-
sources. A closed-loop competency development system is constructed, anchored
in job role requirements. Our methodology features: 1) Modular curriculum re-
structuring guided by industry post specifications, incorporating dynamic updates
of technical standards into teaching practices; 2) Pedagogical innovation through
competition resource utilization, transforming technical challenges into practical
training modules; 3) Mutual recognition mechanisms between certification stand-
ards and academic credits; 4) Industry-education collaborative platforms enabling
real-time curriculum adjustments. This framework provides actionable solutions
for deepening industry-education integration and enhancing graduate competitive-
ness in railway communication fields, offering paradigmatic value for vocational
education reform.
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1. Introduction

As the primary hub for cultivating technical and skilled professionals, higher vocational education fundamentally aims to
achieve profound convergence between educational outcomes and industrial requirements. The railway communication
sector, amidst rapid technological iterations in high-speed rail systems and intelligent transformation, has escalated de-
mands for professionals’ specialized competencies and practical literacy. However, persistent rigidities in talent cultiva-
tion models within railway communication programs remain prevalent across vocational institutions. Curricular content
lags behind evolving occupational standards, competition outcomes prove challenging to integrate into pedagogical re-
sources, and certification assessments remain disconnected from academic evaluation systems, collectively undermining
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graduates’ comprehensive competitiveness. Within this context, the integration of Posts, Courses, Competitions, and Cer-
tifications (PCCC) emerges as a critical pathway to overcome these systemic bottlenecks. Centering on railway commu-
nication education, this study investigates synergistic interactions among the four elements through collaborative indus-
try-academia investigations and case study analyses. It seeks to establish a closed-loop competency development system
anchored in occupational demands, driven by curricular innovation, energized through competition-based projects, and
evaluated via certification alignment (Fitch, 2021).

2. Connotation and Logic of PCCC Integration in Railway Communication Education

2.1 Conceptual Framework

The integration of Posts, Courses, Competitions, and Certifications (PCCC) constitutes a cornerstone strategy for deep-
ening industry-education collaboration in higher vocational railway communication programs. This multidimensional
framework operates through four interdependent components:

Post-Driven Competency Standards: Anchored in occupational requirements, this dimension defines the technical and
professional proficiencies mandated by the railway communication sector. Core tasks include maintaining 5G railway
communication equipment and debugging signal control systems. Emerging productive forces, particularly intelligent rail
technologies, necessitate dynamic updates to competency models by integrating industry advancements such as railway-
specific communication network maintenance protocols (Deng & Chai, 2024).

Curriculum Restructuring: Modular course design directly maps to occupational tasks, translating real-world work-
flows into pedagogical units. For instance, the maintenance of train wireless dispatch communication systems is recon-
figured into course modules like “Communication Equipment Installation and Debugging.” This approach dismantles
conventional disciplinary silos, enabling immersive integration of theoretical instruction and hands-on practice.

Competition-Informed Innovation: National and industry-level skill contests, exemplified by the National Vocational
College Rail Transit Signal Control Competition, serve as catalysts for curriculum modernization. Technical challenges
identified through competitions inform teaching content updates, ensuring alignment with cutting-edge industry practices.

Certification-Aligned Evaluation: Professional qualification systems, such as the Railway Communication Technician
Skill Certification, bridge academic assessments with occupational entry standards. Certification criteria are embedded
into course evaluation metrics, creating seamless pathways between classroom achievements and workplace readiness.

While each component fulfills distinct functions, their synergistic interplay fosters a closed-loop educational ecosystem.
Competitions validate curricular relevance, certifications benchmark competency outcomes, and post analyses feed iter-
ative curriculum improvements—collectively ensuring responsive adaptation to industry evolution.

2.2 Logical Interactions of the Four Elements

The integration logic of PCCC manifests through three interconnected mechanisms: demand-driven adaptation, resource
conversion, and evaluative feedback.

Demand-Driven Curriculum Design initiates the integration cycle, where technological advancements in railway com-
munication compel continuous curricular updates. For instance, the proliferation of intelligent maintenance systems in
high-speed rail operations has necessitated integrating loT-based fault diagnosis into traditional communication equip-
ment courses. Industry-academia co-developed training modules enable real-time synchronization between instructional
content and evolving occupational demands.

Competition-Informed Pedagogical Innovation operates as a capability accelerator. The applied nature and forward-
looking challenges of skills competitions inject vitality into teaching practices. Consider the LTE-R wireless communi-
cation networking technology featured in rail transit signal control competitions. Through a three-tier conversion mech-
anism—translating competition tasks into course projects, then into practical training modules—this process restructures
practical teaching workflows, cultivating students’ abilities to address complex engineering problems (Ji & Chang, 2023).

Certification-Embedded Quality Assurance establishes objective evaluation benchmarks. Assessment criteria from pro-
fessional certifications, such as the Railway Communication Technician qualification, are systematically integrated into
course evaluations. This creates an aligned pathway where academic performance, certification attainment, and employ-
ment readiness mutually reinforce one another.

These elements interact through spiraling feedback loops, forming an ecosystemic integration model that spans the
entire talent development lifecycle. Industry demands trigger curricular reforms, competition insights refine instructional
methods, and certification standards validate learning outcomes—each iteration enhancing the system’s responsiveness
to sectoral evolution.
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3. Current Challenges in PCCC Integration
3.1 Disconnect Between Occupational Competencies and Curricular Content

Rapid technological evolution in railway communication has outpaced conventional curriculum renewal cycles, creating
substantial gaps between instructional content and industry requirements. Industry surveys reveal that 78% of railway
communication enterprises require 3-6 months of additional training for vocational graduates to perform core tasks such
as intelligent high-speed rail maintenance and 5G-R communication equipment management. For instance, while SDN
(software-defined networking) technology has become integral to railway-specific communication network maintenance
standards, most institutions persist in prioritizing legacy transmission technologies. Critical skills like railway 5G network
slicing management and loT-enabled fault diagnosis remain absent from course modules.

Curriculum design further exhibits a mechanistic deconstruction of occupational tasks. Hands-on training projects often
simulate isolated equipment operations rather than cultivating integrated competencies in full lifecycle system mainte-
nance. Outdated teaching materials compound these issues, with institutions continuing to use pre-2018 textbooks
like Fundamentals of Railway Communication Technology that exclude updated technical specifications issued in 2023.

3.2 Underutilization of Competition Resources

Limited penetration of competition resources into teaching practices persists despite national vocational skills competi-
tions (Mei, 2025). While events like the Rail Transit Signal Control Competition align with advanced CTCS-4 train
control systems, fewer than 30% of participating institutions have converted LTE-R wireless networking technologies
into teachable case studies. During the decomposition of competition content into instructional units, technical elements
often become fragmented. For example, the railway data network simulation platform from the Huawei Cup Data Com-
munication Competition has been reduced to standalone lab exercises, neglecting comprehensive training in network
planning, security protocols, and troubleshooting.

Industry feedback highlights a persistent mismatch between competition-acquired skills and workplace demands.
Award-winning students frequently struggle with real-world scenarios involving multi-vendor equipment interoperability,
having overrelied on competition-specific operational protocols provided by equipment manufacturers. This overdepend-
ence on closed-system workflows undermines adaptability in complex railway operational environments.

3.3 Lagging Certification Standards Behind Industry Advancements

A widening asynchrony exists between professional qualification systems and technological progress in railway commu-
nication. Current assessments for Railway Communication Technician certifications predominantly focus on legacy skills
like optical fiber splicing, loss testing, and switch configuration, neglecting emerging competency requirements such as
railway-specific 5G network slicing management and predictive maintenance in intelligent systems. The 2024 revised Na-
tional Occupational Standards for Railway Communication Technicians exemplify this gap, covering merely 35% of
high-speed rail communication maintenance technologies and omitting operational protocols for onboard PHM (Prognos-
tics and Health Management) systems. Joint industry-academia studies indicate 67% of enterprises deem existing certifi-
cation criteria inadequate for evaluating core smart maintenance competencies, including algorithm debugging and data
mining. Compounding these issues, manual scoring persists in certification processes rather than adopting automated
evaluation systems leveraging digital twin technologies, resulting in compromised assessment efficiency and reliability.

3.4 Absence of Quadripartite Synergistic Mechanisms

The PCCC integration lacks a systemic coordination platform. Enterprises remain superficially engaged in curriculum
development, with only 12% of railway bureaus collaborating with institutions to establish dynamically updated compe-
tency models. Disconnects persist between skill competitions and certification systems, evidenced by significant technical
parameter mismatches between National Vocational Skills Competition rubrics and “1+X” certification assessments. Re-
source allocation imbalances further exacerbate challenges—some institutions disproportionately invest 85% of training
budgets in competition equipment procurement while neglecting modular curriculum restructuring and certification re-
source databases.

Broken feedback loops cripple responsiveness: industry technological updates take 6-8 months to permeate educational
curricula, while pedagogical adaptations to evolving workforce demands require even longer cycles. This creates a vicious
cycle of technological obsolescence, educational lag, and workforce competency gaps. Fragmented reform efforts worsen
resource redundancy, exemplified by institutions simultaneously pursuing disconnected “post-curriculum alignment” and
“competition-certification integration” initiatives without unified coordination mechanisms, leading to duplicated course
content and wasted investments.
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4. Strategies for PCCC Integration in Railway Communication Education
4.1 Occupational Demand-driven Curriculum Restructuring

Curriculum reconstruction in railway communication programs must center on occupational competency matrices, estab-

lishing modular development mechanisms grounded in core job roles such as intelligent rail maintenance and 5G-R com-

munication equipment debugging. Through comprehensive analyses of high-speed rail signal maintenance and dedicated

network operations, 21 core competency indicators (including SDN technology application and onboard PHM system

operations) have been identified. These inform a tri-level curricular framework:

(1) Foundational Theory Modules. Covering principles of railway communication systems and emerging technologies.

(2) Specialized Skill Units. Focused on task-specific competencies like railway 5G network slicing configuration.

(3) Integrated Training Projects. Simulating real-world scenarios such as multi-vendor equipment interoperability in
communication protocol adaptation.

For instance, the Design Specifications for High-Speed Railway Communication and Signaling guide the development
of 5G communication courses, integrating frontier technologies like network slicing management and train-ground col-
laborative communication. These courses form cohesive instructional pathways spanning network planning, equipment
commissioning, and fault diagnosis.

A dynamic curriculum adjustment mechanism, supported by industry-academia joint committees, ensures continuous
alignment with technological advancements. Technical updates from railway bureaus and equipment manufacturers feed
into a linkage model connecting industry standards, curricular content, and assessment metrics. When IoT edge computing
specifications were added to the 2024 Railway Intelligent Maintenance Whitepaper, corresponding updates were imple-
mented in dedicated communication network courses within three months.

Assessment systems directly mirror professional certification criteria—for example, optical fiber splicing loss testing
standards become practical evaluation metrics in communication line construction courses. This establishes precise com-
petency mapping between academic outcomes and workplace requirements. The resulting modular framework—com-
prising Common Foundations, Specialized Core, and Occupational Extensions—ensures vertical technical coherence
while accommodating divergent needs across high-speed rail communication and urban rail signaling specialties.

4.2 Competition-driven Pedagogical Transformation

Effective conversion of competition resources in railway communication education requires establishing tripartite synergy
among competition standards, instructional modules, and competency certification. National and industrial skills compe-
titions serve as vital conduits for translating technical specifications into reusable pedagogical assets. Leveraging the
National Vocational Skills Competition’s Rail Transit Signal Control System module, core technical challenges, such as
LTE-R wireless networking and onboard Prognostics and Health Management (PHM) system debugging, are systemati-
cally deconstructed into three progressive instructional tiers:

(1) Foundational Skill Drills. Mastering equipment operation through simulated environments

(2) Advanced Practical Training. Implementing protocols in hybrid simulation-physical setups

(3) Integrated Innovation Projects. Solving complex scenarios like multi-vendor communication protocol adaptation

For instance, competition tasks from CTCS-4 train control systems can be reconfigured into practical projects like
“Railway Communication Protocol Adaptation,” utilizing Huawei eNSP simulation platforms integrated with physical
devices to replicate real-world network debugging processes in multi-vendor equipment environments. This approach
effectively addresses the fragmentation of technical components in conventional teaching.

Standardized Conversion Workflow ensures systematic transformation from competition task analysis to pedagogical
case development and training system upgrades. The Huawei Cup Data Communication Competition’s railway network
planning module, for example, evolves into a series of instructional units covering network topology design, security
policy configuration, and Al-driven fault diagnosis. These are seamlessly embedded into Data Communication Technol-
ogy courses, forming mutually reinforcing learning-competition cycles.

Dynamic alignment with technological frontiers is critical. The 2024 competition’s newly introduced 5G-R network
slicing management technology, for instance, has been rapidly incorporated into dedicated railway communication train-
ing modules through virtual simulation platforms and scenario-based case studies, ensuring instructional content mirrors
cutting-edge industry developments.

Digital Resource Integration through industry-academia co-developed competition conversion centers centralizes his-
torical competition materials—technical documentation, operational videos, and evaluation rubrics—into searchable,
scalable digital repositories. Cross-referencing matrices between competition cases and certification requirements
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enhances alignment precision. Detailed scoring criteria for optical fiber splicing tests, for example, directly inform certi-
fication evaluation metrics, achieving seamless integration of training, competition, and certification.

Faculty Capacity Building underpins sustainable resource conversion. Regular faculty engagement in competition de-
sign and judging roles (“training-through-competition”) keeps educators abreast of emerging technical standards. Dual
mentorship teams—combining industry engineers and competition-winning students—develop peer-led instructional
models that transform competition expertise into classroom methodologies. This feedback-driven “resource conversion
— implementation — evaluation” spiral progressively eliminates the theory-practice divide, fostering an ecosystem where
competition insights continually revitalize pedagogical practices.

4.3 Course-Certification Integration via Credit Banking

Railway communication programs must establish a dynamic mapping system between vocational skill certifications and
academic credits through a national vocational credit bank, enabling cross-context recognition of learning achievements.
Aligned with the “1+X” certification framework outlined in China’s Vocational Education Reform Implementation Plan,
competency units from Railway Communication Technician Skill Certifications are modularized into quantifiable credit
components. For instance, students obtaining an intermediate certification in “5G-R Network Slicing Management” may
apply for exemption from corresponding theory and practice modules in the Dedicated Railway Communication Networks
course, earning 4 credits upon departmental approval (Li, 2017).

Standardized Conversion Protocols govern credit equivalency, defining tiered relationships between certification lev-
els and course hierarchies: Elementary certifications replace practical components in foundational courses (e.g., “Optical
Fiber Splicing Loss Testing” certification substitutes hands-on assessments in Communication Line Construction); Inter-
mediate certifications align with core courses, allowing up to 60% credit substitution (e.g., “LTE-R Networking Tech-
nology” certification offsets credits in Railway Data Communication).

A dynamically updated X Certification-Course Conversion Matrix within the credit bank system ensures synchronized
evolution of certification standards and curricular content, eliminating redundant learning.

Third-Party Quality Assurance mechanisms strengthen certification validity. Railway bureaus and equipment manu-
facturers co-design competency matrices, embedding the latest industry specifications into credit conversion criteria.
Huawei’s 5G Engineer Certification module on “Railway loT Edge Computing,” for example, undergoes evaluation by
academic committees for conversion into advanced training projects within Intelligent Maintenance Systems courses,
with credit equivalency archived in the credit bank. Digital twin technology monitors skill acquisition trajectories, provid-
ing real-time validation of competency alignment between certifications and course objectives.

Dynamic Adjustment Mechanisms optimize credit allocation quarterly. Certification-industry relevance indices inform
credit weighting adjustments: declining recognition reduces maximum convertible credits, while emerging certifications
like “Railway PHM System Maintenance” receive priority inclusion. The credit bank’s lifelong learning portfolio em-
powers students to retrieve historical certification records, supporting continuous career development across evolving
railway roles.

4.4 Quadripartite Synergy: Dynamic Adjustment Mechanism

The dynamic adjustment mechanism for railway communication programs requires establishing an industry-academia
collaborative Integration Committee to synchronize technological updates, curriculum iterations, competition enhance-
ments, and certification optimizations. Composed of technical experts from railway bureaus, engineers from equipment
manufacturers, academic program leaders, and third-party certification representatives, this committee convenes quarterly
meetings to construct a closed-loop system encompassing demand acquisition, standard conversion, and resource recon-
figuration. Core data sources include updated enterprise competency matrices, industry technical whitepapers, and voca-
tional competition guidelines.

For instance, during the 2024 5G-R communication system upgrade, the committee leveraged Huawei technical man-
uals and the Railway Intelligent Maintenance Whitepaper to integrate IoT edge computing specifications into supplemen-
tary modules for the Dedicated Railway Communication Networks course. Simultaneous updates were applied to labora-
tory equipment parameters and professional certification test banks. To embed industry feedback throughout the educa-
tional process, institutions and enterprises jointly developed a competency early-warning system. This system continu-
ously monitors railway communication patents, equipment tender documents, and technical forum discussions, employing
natural language processing (NLP) to extract critical skill indicators and generate prioritized curriculum adjustment lists.

When emerging technical demands in railway data network security are detected, the system triggers rapid course
content upgrades. For example, targeted teaching resource packages and faculty training programs can be developed
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within weeks. The mechanism’s efficacy relies on data-driven evaluation systems that dynamically monitor graduate
employment feedback, certification pass rates, and competition performance. If a course’s graduate competency align-
ment falls below predefined thresholds for two consecutive semesters, the system automatically recommends case library
updates and initiates content optimization processes.

Blockchain technology further ensures real-time synchronization between technical standards, instructional practices,
and industry needs by tracking resource utilization patterns. This integrated approach achieves targeted precision in com-
petency cultivation, maintaining alignment errors within acceptable margins while fostering agile responses to techno-
logical disruptions.

5. Conclusion

This study addresses the core challenges in talent cultivation for railway communication programs—Ilow occupational
alignment, outdated pedagogical resources, and rigid evaluation mechanisms—through the establishment of a Post-
Course-Competition-Certification (PCCC) integration framework. The proposed strategies provide a replicable imple-
mentation framework for deepening industry-education integration, demonstrating measurable success in bridging the
gap between vocational training and sectoral evolution.

Empirical validation confirms that the synergistic mechanisms—occupational demand-driven curriculum reconstruc-
tion, competition resource-enabled pedagogical innovation, and certification standard-aligned competency evaluation—
significantly enhance the alignment between graduate competencies and industry requirements. The tripartite model offers
paradigmatic significance for advancing supply-side reforms in vocational education, presenting actionable insights for
global technical education systems confronting similar challenges in Industry 4.0 transitions.
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