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Abstract: With the profound reshaping of engineering education by digital technology, the construction 
of intelligent professional teaching resource libraries, aligned with this new paradigm, has emerged as 
critical infrastructure for supporting the transformation of talent cultivation models in vocational 
education. Taking the Mechanical Design, Manufacturing, and Automation major as a case study, this 
paper systematically explores the development path for its teaching resource library. The research first 
analyzes the core connotation of the resource library's evolution from "resource aggregation" towards 
a "knowledge ecosystem," and establishes a four-layer architecture model based on engineering logic 
and a structured resource system oriented towards competency development. Subsequently, it elucidates 
the inherent mechanisms through which the resource library achieves deep integration with 
professional teaching via curriculum deconstruction and reorganization, adaptive resource integration, 
and the construction of a multidimensional learning environment. Finally, the study proposes a 
sustainable evolution path encompassing lifecycle iteration, endogenous quality evaluation, and 
ecological development. This research aims to provide a systematic theoretical framework and 
practical reference for constructing a new generation of professional teaching resource libraries 
characterized by dynamic adaptability, deep integration, and sustained vitality. 
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Introduction 

Against the backdrop of the accelerating digital and intelligent transformation of industrial 
technology systems, the traditional teaching resource model centered on textbooks and fixed training 
projects struggles to effectively support the cultivation of competencies in solving complex engineering 
problems and fostering innovative literacy. As a typical engineering field, the Mechanical Design, 
Manufacturing, and Automation major features a complex knowledge system, rapid technological 
updates, and high practical demands. Consequently, there is an even more urgent need for a 
professional teaching resource library capable of integrating multimodal, dynamic, and interactive 
teaching resources. How to systematically design and construct an intelligent resource library that 
transcends static storage, deeply integrates into the teaching process, and possesses self-evolution 
capabilities constitutes a core issue requiring in-depth exploration in the current field of engineering 
education. Grounded in the specific context of this major, this study aims to move beyond general 
descriptions of the technical functions of resource libraries. It seeks to provide a detailed analysis of 
their construction logic as a knowledge ecosystem, the mechanisms for their deep integration with 
teaching, and the intrinsic pathways for achieving sustainable development. The objective is to offer a 
professionally targeted theoretical basis for relevant theoretical construction and high-quality practical 
implementation. 
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1. Connotation and System Architecture of the Professional Teaching Resource Library 

1.1 Definition of the Core Concept and Educational Value of the Resource Library 

1.1.1 Conceptual Evolution from Resource Aggregation to Knowledge Ecosystem 

Traditional collections of teaching resources merely achieve centralized physical storage. The 
current construction philosophy for resource libraries has evolved into building a "knowledge 
ecosystem," whose core characteristics lie in the semantic association and contextual organization of 
resources. By constructing a knowledge graph for the professional domain, it logically connects 
discrete curricular knowledge points, engineering cases, simulation models, and technical 
specifications, forming a dynamic network that reflects the internal structure of the discipline and the 
logical relationships of engineering. This evolution transforms the resource library from a passive 
storage container into an intelligent environment capable of actively responding to teaching needs and 
supporting knowledge discovery and meaning construction[1]. 

1.1.2 Multidimensional Value in Supporting the Transformation of Engineering Education 
Paradigms 

The educational value of the resource library is reflected in its multidimensional support for the 
goals of engineering education. In the dimension of knowledge transmission, it breaks the limitations of 
linear textbooks by providing a non-linear, explorable knowledge space, which aligns with the 
complexity of engineering problems and the diversity of solutions. In the dimension of ability 
development, by integrating continuous task resources ranging from foundational cognition to 
innovative design, it provides a progressive training vehicle for cultivating engineering design, systems 
analysis, and decision-making capabilities. In the dimension of teaching models, it offers the 
underlying resource and data foundation for project-based learning, blended learning, and precise 
learning analytics, thereby promoting the paradigm shift in teaching from experience-driven to 
evidence-driven approaches. 

1.2 System Composition and Element Correlation Analysis of the Resource Library 

1.2.1 Four-Layer Architecture Model Based on Engineering Logic 

The system can be deconstructed into four functionally distinct layers. The Basic Theory Layer 
contains the foundational concepts, principles, laws, and mathematical models that form the 
cornerstone of the discipline, demanding precise formulation and a rigorous systematic framework. The 
Engineering Case Layer serves as the crucial translation layer, encompassing the design processes of 
typical components and systems, simulations of manufacturing processes, and examples of equipment 
operation and maintenance. Its purpose is to establish a mapping between abstract theory and concrete, 
materialized outcomes. The Tools and Methods Layer provides the necessary technical means for 
realizing designs, including various design software, analysis tools, standard specification libraries, and 
guidance on engineering methodologies. The Development Frontier Layer focuses on technological 
evolution, integrating the latest research findings, industry breakthroughs, and future trend analyses to 
ensure the dynamic updating and forward-looking nature of the resource library[2]. 

1.2.2 Semantic Associations Between Elements and the Intelligent Aggregation Mechanism 

The effectiveness of elements across all layers relies on the deep interconnections between them. 
These connections go beyond simple categorization; they are achieved through the establishment of a 
unified metadata standard and ontological descriptions, enabling the semantic tagging of resources. 
Building upon this foundation, the system utilizes knowledge graph technology to automatically 
construct multidimensional relational chains connecting "concepts, principles, cases, and tools." For 
instance, for the problem of "high-speed spindle dynamic balancing," the system can intelligently 
aggregate relevant rotor dynamics principles (from the Basic Theory Layer), a real case recording of 
dynamic balance adjustment for a specific machine tool spindle (from the Engineering Case Layer), 
tutorials on vibration signal analysis software (from the Tools and Methods Layer), and a review of 
active balancing technologies (from the Development Frontier Layer). This intelligent aggregation 
mechanism enables the resource library to dynamically generate structured learning resource packages 
centered around specific problems or projects. 



1.3 Resource Stratification and Structural Design Oriented Towards Engineering Competency 

1.3.1 Three-Tier Resource Stratification Aligned with Competency Development Pathways 

Resources must be stratified according to the cognitive progression inherent in competency 
cultivation. Basic Cognitive Layer resources serve conceptual understanding and skill imitation, such 
as an interactive module for drawing kinematic diagrams of mechanisms, emphasizing visual 
demonstration and immediate feedback. Comprehensive Application Layer resources target solving 
complex engineering problems, designing comprehensive projects that integrate knowledge from 
multiple courses-for example, the "Integrated Design of the Mechanical Structure and Pneumatic 
Control System for a Sorting Unit in an Automated Production Line"-aimed at training knowledge 
integration and systems thinking. Innovation Exploration Layer resources provide open-ended, 
non-standardized engineering challenges or cutting-edge technology application scenarios, such as 
"Lightweight Robotic Arm Design Based on Composite Materials and Topology Optimization," 
focusing on stimulating critical thinking and innovative design capabilities[3]. 

1.3.2 Dynamic Structuring Mechanism Guided by the Competency Matrix 

To achieve precise resource matching, it is necessary to establish a professional competency matrix 
that breaks down graduation requirements into specific competency indicators. Each competency 
indicator is reversely mapped to a "resource cluster" composed of core knowledge units, skill training 
modules, and literacy enhancement materials. Through this structured design, the resource library's 
management system can extract appropriate elements from each resource cluster based on the learner's 
current competency level and goals, automatically assembling them into personalized learning paths or 
project task specifications. This dynamic organizational model, guided by the competency matrix, 
ensures a high degree of alignment between resource provision and competency development 
objectives, transforming the resource library into a self-adaptive instructional support system capable 
of responsive growth. 

2. Integration Mechanisms Between the Teaching Resource Library and Professional Instruction 

2.1 Curriculum Restructuring Based on the Resource Library: From Disciplinary Logic to Dynamic 
Modularization 

2.1.1 Deconstruction and Reorganization of Curriculum: From Disciplinary Logic to Engineering 
Logic 

The traditional curriculum system strictly adheres to the internal logic of disciplinary knowledge. 
By introducing abundant engineering cases, project tasks, and frontier technology modules, the 
resource library makes it possible to deconstruct rigid disciplinary boundaries. Based on the knowledge 
graph of the resource library, one can reversely analyze the multidisciplinary knowledge points 
required to complete a typical engineering task-such as the "design of an industrial robot wrist 
module"-which may include principles of mechanics, mechanics of materials, sensor technology, and 
fundamentals of control. Consequently, content originally dispersed across different courses can be 
reorganized into "micro-courses" or "knowledge unit modules" centered around that specific 
engineering task. This process achieves a fundamental shift in curriculum content from a 
discipline-oriented approach to an engineering-problem-oriented approach. 

2.1.2 Generation of Dynamic Course Modules and Flexible Learning Pathways 

The granular resource elements within the library lay the foundation for constructing dynamic 
course modules. Instructors or the teaching system can extract relevant theory explanations, case 
analyses, simulation experiments, and assessment tools from the resource library to rapidly assemble 
them into a well-defined, structurally complete short-term course module tailored to specific 
instructional objectives. This modular structure supports the formation of flexible learning pathways. 
Learners can select different module combinations and learning sequences based on their own 
foundational knowledge and interests, provided they meet the core competency requirements, thereby 
achieving personalization and adaptability in curriculum implementation. 



2.2 Adaptive Integration Modes of Digital Resources in the Instructional Process 

2.2.1 Resource Matching Based on Learner Profiles and Context Awareness 

The core of adaptive integration lies in constructing detailed learner profiles and models of the 
teaching context. The system continuously collects data on a learner's behavior within the resource 
library-such as search history, study duration, interactive feedback, and assessment results-and 
combines this with their static characteristics, like prior coursework and skill baselines, to form a 
dynamic profile of their competency development. Simultaneously, the system perceives the current 
phase of instruction (e.g., pre-class preparation, in-class inquiry, post-class extension) and its specific 
objectives (e.g., conceptual understanding, skill training, solution design). Based on these two elements, 
the resource library's intelligent engine can match and push the most relevant sequence of resources in 
real time. For instance, during a course design phase, it might prioritize pushing foundational cases and 
step-by-step tutorials to a learner with a weak foundation, while directly providing open-ended design 
constraints and reference prototypes to a more advanced learner[4]. 

2.2.2 Process-Driven Dynamic Aggregation and Presentation of Resources 

Throughout the teaching cycle, resources exist as a "service process" rather than a "static list." 
During the project initiation phase, the system can aggregate project background materials, technical 
standards, and reference case collections. In the solution design phase, it dynamically associates 
relevant design tools, calculation software, material databases, and failure analysis cases. During the 
evaluation and reflection stage, it automatically provides assessment rubrics, comparisons with similar 
project outcomes, and scaffolds of reflective questions. This form of dynamic aggregation, deeply 
bound to the teaching process, allows the resource library to seamlessly integrate into every stage of 
"teaching, learning, practice, and assessment," thereby serving as fundamental infrastructure supporting 
the smooth operation of the instructional process. 

2.3 Construction of a Multidimensional Learning Environment Based on the Resource Library 

2.3.1 Immersive Skills Training Environment Integrating the Virtual and the Real 

By integrating high-fidelity three-dimensional models, interactive simulations, and virtual reality 
(VR)/augmented reality (AR) resources, the resource library transforms expensive precision equipment, 
high-risk operational procedures, or abstract principles at macro/micro scales into accessible, 
repeatable, and explorable virtual training environments. Learners can safely perform tasks such as 
machine tool disassembly and assembly, production line debugging, or observation of material 
microstructures within these virtual environments. Their operational data and process records are fed 
back to the resource library in real time for skill analysis and guidance. This integrated virtual-real 
environment breaks the constraints of physical equipment, time, and space in practical training, 
achieving scalability and refinement in skills development. 

2.3.2 Community Interaction Environment Supporting Collaborative Inquiry and Knowledge 
Construction 

The resource library itself also serves as a platform for knowledge co-creation. By integrating 
collaborative tools-such as shared whiteboards and version-controlled collaborative design 
software-along with project spaces and community forums, it constructs learning communities 
connected by professional interests and project tasks. When learners complete project tasks based on 
the resource library, their intermediate outputs, solution proposals, Q&A records, and reflective 
summaries, after being processed structurally, can in turn feed back into the resource library as new 
generative resources. This mechanism transforms the learning environment from a mere site of 
knowledge consumption into a community of practice where teachers and students jointly participate in 
the production, critique, and refinement of knowledge, thereby significantly fostering the development 
of distributed cognition and collective intelligence. 

3. Sustainable Development Pathway and Dynamic Evolution of the Resource Library 

3.1 Lifecycle and Iterative Development Process of Resource Construction 

3.1.1 Phase Model and Management Strategy for the Entire Resource Lifecycle 

The resource lifecycle can be divided into four main phases: planning and design, development and 



integration, application and maintenance, and evaluation and retirement. In the planning and design 
phase, it is essential to clarify the resource's objectives, content granularity, interaction standards, and 
metadata specifications based on the professional competency matrix and knowledge graph. The 
development and integration phase emphasizes adherence to established technical standards and 
instructional design principles, ensuring the resource's functionality in supporting deep learning. 
Application and maintenance constitute the core phase for realizing the resource's value, requiring the 
establishment of mechanisms for continuous resource updates, error correction, and technical 
adaptation. The evaluation and retirement phase involves archiving or replacing inefficient or obsolete 
resources according to predefined evaluation metrics and resource usage data, thereby forming a 
closed-loop management system. This model transforms resources from static assets into dynamically 
manageable instructional elements[5]. 

3.1.2 Agile Iterative Development Based on User Behavior Feedback 

The iterative development of resources should abandon the traditional "one-time construction" 
model and shift towards a data-driven agile approach. Its core lies in establishing a direct link between 
resource usage behavior data and content updates. By analyzing users' complete learning trajectories 
within the resource library-including dwell time on specific resources, frequency of interaction, 
associated navigation paths, and subsequent assessment performance-potential issues in instructional 
design, content presentation, or cognitive load can be precisely identified. Based on these data insights, 
the development team can conduct rapid prototyping modifications and A/B testing of the resources, 
thereby achieving continuous optimization of both content and format. This evidence-based agile 
iterative process ensures that the resource library can adapt to changes in teaching demands and learner 
characteristics, maintaining the advanced effectiveness of its instructional utility. 

3.2 Endogenous Evaluation and Optimization Mechanisms for Resource Quality 

3.2.1 Data Collection and Integrated Analysis Model for Multi-source Evaluations 

Endogenous evaluation relies on the systematic collection and integrated analysis of multi-source 
heterogeneous data. The evaluation data primarily comprises three dimensions: objective usage data, 
such as visit counts, download numbers, reuse frequency, and their distribution across different 
teaching contexts; subjective feedback data, such as learner ratings and qualitative evaluations 
regarding a resource's difficulty, clarity, and helpfulness, as well as teacher reviews on its instructional 
applicability; and performance correlation data, which involves analyzing the correlation between 
resource usage and learners' competency assessment outcomes. By establishing an integrated analysis 
model for these three types of data, a multidimensional profile of a resource's "attractiveness," 
"effectiveness," and "impact" can be generated, moving beyond single-dimensional subjective ratings 
to form a more comprehensive and reliable judgment of resource quality. 

3.2.2 Resource Self-adaptive Optimization Pathway Based on an Evaluation Closed Loop 

The ultimate purpose of evaluation is to drive optimization. Based on the results derived from the 
integrated analysis model, the system can automatically generate specific suggested pathways for 
resource optimization. For example, for resources with high usage but low ratings, their interactive 
design or content organization may need refinement; for high-quality resources with low usage, their 
tagging system might require improvement or they may need precise push notifications to enhance 
visibility. This optimization process can be implemented through built-in platform tools for version 
management and collaborative editing features, supporting instructors or content experts in making 
rapid revisions based on data insights. The resulting closed loop of 
"application-evaluation-optimization-reapplication" forms the endogenous driving force for the 
resource library's self-improvement and the continuous enhancement of its quality. 

3.3 Ecological Development Strategies for the Resource Library in the Context of Technological 
Evolution 

3.3.1 Scalability Design Based on Microservices Architecture and Standardized Interfaces 

To achieve ecological development, the technical architecture of the resource library must transition 
from a monolithic application to a microservices architecture. This architecture decouples functions 
such as resource management, intelligent recommendation, learning analytics, and collaborative editing 
into independent service modules, which communicate through standardized Application Programming 
Interfaces (APIs). This design grants the system high flexibility and scalability, allowing for the 



independent upgrade or replacement of specific services-such as introducing more advanced 
recommendation algorithms-or the rapid integration of new external tools and services-like virtual 
experiment platforms or industry databases-without compromising the overall system's stability. 
Standardized interfaces ensure that the system can exist and operate as an organic component within a 
larger-scale digital education ecosystem. 

3.3.2 Cross-Platform Knowledge Circulation and the Construction of an Open Resource Ecosystem 

The vitality of a resource library stems from its capacity for knowledge exchange with the external 
environment. By adhering to internationally recognized metadata standards for learning resources and 
technical interoperability specifications, the resource library can facilitate the cross-platform discovery, 
sharing, and reuse of its contents. This not only promotes the effective circulation of high-quality 
resources between institutions and between academia and industry, avoiding redundant development, 
but more importantly, it enables the resource library to dynamically connect with broader knowledge 
sources, such as open academic resources, industry knowledge bases, and open-source simulation 
communities. Consequently, the role of the resource library transforms from a self-sufficient "reservoir" 
into a "hub" that interconnects multiple streams of knowledge. Through continuous inflow and outflow, 
it maintains the breadth, depth, and currency of its content, ultimately fostering a collaboratively 
constructed, openly shared knowledge ecosystem for professional education. 

Conclusion 

This paper, through systematic exploration, proposes that the development of a teaching resource 
library for the Mechanical Design, Manufacturing, and Automation major is a complex systems 
engineering project integrating educational philosophy, professional logic, and information technology. 
Its success critically hinges on achieving fundamental transformations at three levels: in terms of 
positioning, it must shift from a supplementary resource repository to an intelligent knowledge 
ecosystem that supports the transformation of teaching paradigms; in terms of mechanisms, it should 
transition from a loosely coupled relationship with the teaching process to an adaptive, deep integration 
based on data and context awareness; and in terms of development mode, it needs to evolve from 
periodic project-based construction to a sustainable, ecological progression grounded in closed-loop 
feedback and open interconnectivity. Future research can be deepened by focusing on the following 
directions: further refining the mapping model between resources and competency attainment based on 
learning science and cognitive theories; exploring more efficient algorithms for AI-driven automatic 
resource generation and personalized pathway planning; and, within broader industry-education 
integration and cross-institutional collaboration networks, validating and optimizing the operational 
efficacy and governance mechanisms of the open ecosystem model. These efforts will continuously 
propel the professional teaching resource library towards a higher stage of intelligent evolution. 
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