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4. Experiment

This chapter evaluates the IPSO algorithm's efficacy across key metrics: path coverage,
"interesting" seed generation, and vulnerability discovery

4.1. Experimental Setup

Experiments were conducted on 64-bit Ubuntu 22.04.4 LTS. To ensure statistical
significance, each target underwent five independent 12-hour trials.The test suite
includes six representative open-source programs—readelf, nm, size, cxxfilt, w3m, and
jhead—covering binary parsing, symbol demangling, and document/image processing.

4.2. Analysis of Experiment Results

17 Evaluation of Path Coverage Efficiency

After 12 hours of fuzzing, the results in Table 1 show that IPSO_AFL consistently
outperforms AFL and MOpt across all six programs, demonstrating strong stability and
adaptability. Compared with AFL, IPSO_AFL achieves substantial improvements, with
path coverage on readelf, size, and nm increasing by 80%—-290%, indicating more
effective exploration of new execution paths. Relative to MOpt, IPSO_AFL maintains
steady gains on most programs, suggesting that the proposed nonlinear inertia weight
mechanism better adapts to dynamic search requirements than the linear strategy.
Notably, on cxxfilt, IPSO_AFL reaches 11,074 paths, significantly exceeding AFL
(5,897) and MOpt (2,278), highlighting its ability to avoid premature convergence and

explore deeper paths.
Target AFL Mopt IPSO_AFL
Program . Paths Coverage . Paths Coverage . Paths Coverage
Discovered Discovered Discovered
readelf 2972 9.62% 4995 12.67% 5385 13.22%
size 530 3.55% 1912 6.00% 2061 6.21%
nm 1202 5.19% 2209 6.85% 2384 7.10%
cxxfilt 5897 9.37% 2278 5.21% 11074 10.25%
w3m 1154 3.72% 2307 4.19% 2597 4.60%
jhead 606 2.10% 1097 2.04% 1156 2.23%

Table 1. Comparison of Path Coverage Performance.

(2) Generation of Interesting Test Cases

The experimental data presented in Table 2 indicate that IPSO_AFL consistently
ranks first in the number of "interesting" test cases generated across the vast majority of
target programs. Compared to the baseline AFL, IPSO_AFL demonstrated a several-fold
increase across all test targets. Specifically, for size, nm, and w3m, the number of
generated interesting cases was 3.0x, 1.6x, and 2.1x that of AFL, respectively. These
results demonstrate that the self-adaptive mutation strategy effectively eliminates the
inherent "blindness" of the testing process. By generating test samples with a higher
success rate in triggering new execution paths, the proposed method maximizes the
mutation yield within a constrained time budget.

Target Program Interesting Test Case
AFL Mopt IPSO AFL
readelf 1349 2127 2086
size 152 429 469
nm 319 488 537
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cxxfilt 1078 432 1202
w3m 97 166 211
jhead 213 202 214
Total 3208 3844 4719

Table 2. Comparison of Interesting Test Case Generation.

5. Conclusion

This paper addresses the poor adaptability and low efficiency of traditional fuzzing
mutation strategies by proposing an Improved Particle Swarm Optimization (IPSO)
scheduling approach. By mapping mutation operators to a high-dimensional particle
space and leveraging path coverage and interesting seeds as feedback, we achieve self-
adaptive evolution of operator selection probabilities. The introduction of non-linear
exponentially decaying inertia weights effectively balances global exploration with
localized refinement. Furthermore, the Beta-distributed stochastic perturbation
empowers particles to escape local optima, mitigating premature convergence.
Experimental results demonstrate that IPSO significantly enhances fuzzing efficiency
and the discovery of effective test cases. Future research will focus on refining fitness
function designs and integrating this strategy with seed scheduling to further optimize
resource allocation.
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Abstract. This review systematically examines forest land cover classification
models based on remote sensing imagery, categorizing approaches by classification
units, label requirements, and feature attributes. The research highlights the
significant advantages of deep learning techniques (including CNN, RNN, GAN,
and ViT) in improving classification accuracy and efficiency, while also exploring
the transition from traditional machine learning to deep neural network-based
classification. The analysis identifies the critical bottlenecks including data scarcity,
limited model generalization, and computational constraints when mapping
complex terrains or high density vegetation. Future efforts would focus on
optimizing algorithms for complex terrains and high density vegetation, developing
lightweight models, and overcoming bottlenecks in transfer learning and model
efficiency to enable practical deployment in resource constrained settings.

Keywords. Forest land cover types, Classification models, Deep learning, Neural
networks

1. Introduction

Forests are vital regulators of global ecological processes and climate change. While
remote sensing imagery remains the gold standard for monitoring these dynamics due to
its extensive coverage and temporal diversity, the field is undergoing a rapid paradigm
shift. In recent years, forest land cover classification has advanced significantly through
the integration of multi-source data and sophisticated algorithms, transitioning from
traditional statistical methods to complex deep learning architectures. These innovations

1 Corresponding Author: Jin Wang, wangjin21@sdjzu.edu.cn.
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have drastically improved classification granularity and provided critical technical
support for dynamic resource management [1,2,3].

Despite this rapid progress, particularly in the deployment of deep neural networks,
there is a conspicuous lack of recent, focused surveys that synthesize these modern
advancements specifically for forest land cover. Most existing reviews either address
general land use or are outdated, failing to account for the latest breakthroughs in spatial-
temporal modeling and high-resolution feature extraction. To bridge this gap, this study
provides a comprehensive review of remote sensing-based forest classification models.
By evaluating the shift toward deep learning and identifying current technical
bottlenecks, this research aims to provide the scientific insights necessary for the precise
management and sustainable development of global forest resources.

2. Overview of Forest Land Cover Classification Models and Algorithms

Forest land cover classification models are essential for accurately identifying and
distinguishing various types of surface cover, providing precise data for forest resource
monitoring. Given the diversity of image classification techniques, different approaches
lead to varying classification outcomes. As illustrated in Figure 1, this study categorizes
forest land cover classification methods across three dimensions: the need for labeled
samples, the minimum classification unit, and the feature space attributes. It is important
to note that these three classification dimensions in this study may overlap to some extent.

Supervision Classification Unsupervised classification
Marked
samples
Object-based classification o
Classification Methods Based on
L. Artificial Feature Descriptions
Pixel-based classification Minimum Feature
classificati
z Sspace Machine learning-based
on unit

Hybrid Pixel Classification classification methods

Figure 1. Classification Method of forest land cover types.
2.1. Classification method based on the division of classification units

2.1.1. Pixel-based forest land cover classification

Pixel-based classification is a method where each pixel in the image is treated as the
smallest unit for classification, and it is assigned to a specific class based on its spectral
characteristics. Common approaches include pixel-binary methods, vegetation indices,
unsupervised classification, and supervised classification. While pixel-based
classification is straightforward, intuitive, and easy to implement, making full use of the
spectral information in the image, it overlooks the spatial relationships between pixels.
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This can result in the “salt-and-pepper” effect, where the classification output is
discontinuous and contains a significant amount of noise [4].

2.1.2. Object-based forest land cover classification

Object-based classification is an image classification approach that involves identifying
and extracting object features from remote sensing images to achieve classification. In
this context, “objects” refer to geographic entities or regions within the remote sensing
image that consist of pixels with similar characteristics. This method takes into account
spatial features of land cover, such as texture, shape, and contextual information, leading
to more accurate and continuous classification results. Additionally, object-based
classification is effective in addressing issues like “spectral confusion” and “spectral
ambiguity” [S]. Image segmentation is a critical step in object-based classification, but
the choice of segmentation algorithm and the tuning of its parameters can significantly
impact the classification results. Furthermore, the object-based classification approach
tends to have a relatively high computational complexity, requiring more resources and
processing time [6].

2.1.3. Forest Land Cover Classification Based on Hybrid Pixels

Mixed pixels refer to a phenomenon where a single pixel contains multiple land cover
types. It is a common challenge in remote sensing, especially in heterogeneous
landscapes, where the sensor's resolution cannot fully distinguish between the different
types of land cover within a single pixel [7]. The presence of mixed pixels significantly
impacts the accuracy of remote sensing image classification, as traditional pixel-based
classification methods struggle to handle pixels that contain multiple land cover types.
To address this issue, various mixed pixel decomposition techniques have been proposed.
Linear spectral unmixing is the most widely used approach, which relies on a linear
mixing model to solve a system of linear equations and determine the abundance of each
land cover type. This technique is particularly useful for complex features, such as linear
or small-scale objects, providing more accurate information that supports their
identification and analysis. As a result, mixed pixel classification has become a key
research area in remote sensing image processing, with significant potential for diverse
applications.

2.2. Sample-based classification method

2.2.1. Supervised Classification Model

Supervised classification is a high-accuracy statistical classification approach that relies
on prior knowledge of predefined classes. The core idea is to first select training samples
from known classes within the training areas. Then, using these labeled samples, relevant
feature variables (such as pixel brightness mean, variance, etc.) are extracted, which are
subsequently used to construct discriminant functions and classification criteria. A
comparison of the advantages and disadvantages of several commonly used supervised
classification methods can be found in Table 1.
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Table 1. Supervised classification method of forest land cover types
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2.2.2. Unsupervised classification model

Unsupervised classification is a land cover classification technique that relies on the
intrinsic statistical properties of the image and the distribution patterns of natural point
clusters for class differentiation, without the need for prior knowledge of the categories.
In the absence of specific knowledge or expertise regarding the classification area, this
method solely depends on the distribution characteristics of natural point clusters and the
information inherent in the remote sensing data to carry out the classification process
[14]. In other words, this technique does not rely on known information about specific
land cover types but instead leverages the intrinsic statistical properties of the image [15].

2.3. A Feature Space-Based Classification Method for Land Cover Types

2.3.1. Classification Methods Based on Artificial Feature Descriptions

In classification methods based on manual feature description, visual interpretation was
one of the earliest techniques used for forest land cover type classification. Visual
interpretation requires interpreters to integrate the characteristic information presented
in the forest cover images and identify and label different land cover types [16]. While
visual interpretation can achieve high classification accuracy, it has several limitations:
for instance, it demands that the interpreter possess in-depth knowledge and experience
of the study area’s land cover; the manual digitization process is inefficient, time-
consuming, and lacks timeliness.

2.3.2. Machine learning-based classification methods

As a nonlinear algorithm, ANNSs are well-suited for parallel processing of vast amounts
of data and exhibit strong fault tolerance and resistance to interference. In recent years,
with the rapid advancements in remote sensing technology, ANN-based algorithms have
gained significant attention in the remote sensing field, achieving notable improvements
in accuracy for tasks such as image classification and object recognition [17]. Particularly
in forest land cover classification, ANNs have been widely applied and extensively
researched due to their ability to automatically extract features and reduce reliance on
manually designed features, offering a significant advantage in enhancing classification
performance [18].

The Back Propagation Neural Network(BP) is one of the most representative and
deeply studied algorithms in the field of artificial neural networks. With its exceptional
flexibility and powerful nonlinear fitting capabilities, BP neural networks have
demonstrated significant advantages in remote sensing image processing. This algorithm
effectively handles the common nonlinear relationships present in remote sensing
imagery, addressing key issues in remote sensing classification. As a result, BP networks
enable rapid and accurate identification and extraction of land cover information, a
capability that traditional remote sensing classification methods often struggle to achieve
[19].
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3. Land Cover Type Classification Model Integrating Deep Learning Techniques
and Neural Networks

3.1. An Introduction to Deep Learning Technologies

Deep learning, proposed by Hinton and colleagues, is a deep neural network algorithm
within the field of machine learning, with a core focus on representation learning. It aims
to mimic the functioning of the human brain to deeply understand and interpret complex
data, including but not limited to images, sound, and textual information. In the context
of remote sensing, deep learning has been applied to model and analyze intricate spatial
and spectral patterns in remote sensing data, offering significant improvements in tasks
such as image classification, object detection, and change detection. By leveraging
hierarchical feature learning, deep learning algorithms are capable of extracting high-
level representations from raw data, leading to enhanced accuracy and automation in
remote sensing applications.

3.2. The Application of Deep Neural Networks in Remote Sensing Image Classification

In many image scene classification tasks, traditional machine learning methods have
been able to achieve certain levels of performance [20]. However, these methods often
rely heavily on manually designed features and domain expertise, which limits their
generalization ability and robustness, presenting challenges in a variety of contexts [21].
In contrast, deep neural networks, an extension of neural network techniques, have
garnered increasing attention due to their ability to address these limitations. What sets
them apart is their efficiency in extracting features of target objects, accurately capturing
both shallow and deep elements of the image. This advantage makes deep neural
networks particularly effective and suitable for applications such as forest cover type
classification, where the complex and nuanced nature of remote sensing data requires
robust feature extraction and high classification accuracy [22].

3.2.1. Convolutional Neural Networks (CNN)

Convolutional Neural Networks (CNNs) are composed of several key layers, including
convolutional layers, pooling layers, and activation layers, with the design of the
convolutional kernels being particularly crucial. For example, small-sized convolutional
kernels are typically used to extract local features, while the number and weight of the
kernels are selected based on the complexity of the forest texture recognition task [23].
Existing research has shown that CNNs offer significant advantages in forest land cover
classification, and applying CNNs to remote sensing land cover classification has
become a hot topic in current research. Compared to other methods, CNNs possess
powerful feature representation capabilities and higher classification accuracy [24,25].
CNNs are capable of automatically extracting multi-level feature information directly
from remote sensing images, including low-level features such as local textures and
edges, as well as high-level semantic features. This significantly enhances feature
extraction, Wei Zhang et al. utilized pre-trained deep Convolutional Neural Networks
(CNNs) as core feature extractors, enabling the automatic learning and capturing of
highly discriminative initial feature maps from high-resolution remote sensing imagery
[26].
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3.2.2. Recurrent Neural Networks (RNN)

Recurrent Neural Networks (RNNs), by incorporating neurons with feedback
mechanisms, RNNs effectively capture contextual relationships within time-series data.
In remote sensing image processing, RNNs demonstrate significant advantages in
temporal modeling and analysis, leveraging their inherent capacity to handle variable-
length time-series data. This ability enhances the accuracy of remote sensing image
classification. Time-series data from remote sensing images, collected over multiple
periods, can reveal dynamic patterns of land cover changes. These temporal correlations
provide valuable discriminative information for land cover type identification, and RNNs,
through their recurrent structure, deeply mine temporal features to model dynamic
surface processes. This capability significantly improves the spatiotemporal consistency
of classification results [27].

3.2.3. Generative Adversarial Networks (GAN)

Generative Adversarial Networks (GANs), based on the principle of adversarial training,
have emerged as a powerful deep learning model with significant potential in the field
of remote sensing image processing in recent years. A GAN consists of two components:
a generator and a discriminator. Through adversarial training between these two, the
generator learns to model the distribution of real data, enabling it to produce high-quality
synthetic data [28]. GANs excel in scenarios with limited training data. For instance,
Mahdianpari et al. integrated Sentinel-1/2 imagery with an improved AlexNet-GAN
framework for wetland classification in Newfoundland. By synthesizing samples to
mitigate data scarcity, they achieved a 92.3% overall accuracy, with F-1 scores for
specific classes improving by up to 26% over the baseline. This underscores the efficacy
of GANSs for large-scale classification under data-constrained conditions [29].

3.2.4. The Vision Transformer (ViT)

The Transformer architecture introduces the concept of self-attention, which
differentiates it from traditional RNNs or CNNs by allowing it to consider all positions
in the input sequence simultaneously, rather than processing data sequentially [30].
Researchers have employed architectures such as 1D Convolutional Neural Networks
(ID-CNN), Long Short-Term Memory networks (LSTM), and Transformers to
significantly reduce memory consumption and processing time for sample data. These
approaches maintain a high classification accuracy, achieving up to 99%, even when
applied to large-scale remote sensing datasets [31]. Transformer architecture
outperforms CNNs when dealing with noisy or augmented images, thanks to its self-
attention mechanism, which allows information from the entire image to be accessed
across all layers.

4. Conclusion

This paper provides a comprehensive review of the latest research advancements in forest
land cover classification models based on remote sensing imagery. It systematically
analyzes and discusses classification methods from three perspectives: classification
methods based on units of classification, methods based on sample-based classification,
and those based on feature space classification. The paper highlights the advantages,
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disadvantages, and suitable applications of each approach. The analysis reveals that
supervised classification models, known for their high accuracy and stability, hold a
significant position in remote sensing image classification, while unsupervised models
offer broader applicability due to their ability to operate without prior class knowledge.
Additionally, machine learning and deep learning-based classification methods have
shown strong potential and advantages in forest land cover classification.

Future research should transcend the conventional pursuit of model depth and
instead explore “structurally intelligent” pathways for forest classification. First, to
resolve the prevalent issue of blurred boundaries caused by forest fragmentation,
researchers should integrate spatial-spectral attention mechanisms with edge-aware
geometric constraint loss functions to enhance the precision of fine-scale mapping.
Furthermore, the development of self-supervised pre-training and unsupervised domain
adaptation is essential to leverage unlabelled remote sensing data for building foundation
models. This approach effectively addresses the bottlenecks associated with the scarcity
of ground-truth samples in remote regions and poor cross-regional generalization,
ultimately establishing a next-generation forest monitoring framework characterized by
high precision, low computational overhead, and robust performance.

Funding: This research was funded by the Natural Science Fundation of Shandong
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Abstract. While the digital age reconstructs forms of social existence, it also
reshapes human modes of being and value systems. Drawing on Economic and
Philosophic Manuscripts of 1844 by Karl Marx, particularly the theory of alienated
labor, this paper examines the existential crises generated by digital life. It argues
that digital technology, driven by capital, is not a neutral tool but a new form of
alienating force. This is reflected in the deskilling of labor, the symbolization of
consumption, the instrumentalization of social interaction, and the fragmentation
of cognition. These interconnected forms of ‘digital alienation’ foster
utilitarianism, superficiality, and nihilism in value orientations. Grounded in the
Marxist ideal of the free and all-round development of the individual, the paper
further explores pathways to sublate alienation and reconstruct healthy value
systems. It emphasizes integrating core socialist values into digital spaces through
technological governance, educational innovation, and the cultivation of human
subjectivity.

Keywords. digital age, existential dilemmas, value reconstruction, alienated labor,
Technological Governance

1. Introduction

Social existence is increasingly embedded in digital technologies, making it necessary
to revisit Marxist theoretical foundations in order to understand contemporary value
transformation. In the Economic and Philosophic Manuscripts of 1844, Karl Marx
develops the concept of alienation, identifying four interrelated dimensions under
capitalist production: alienation from the product of labor, from the labor process, from
species-being, and from other human beings [1]. Although formulated in the context of
industrial capitalism, these categories provide a powerful analytical lens for
interpreting the structural tensions of today’s digital society.

In contemporary digital life, these forms of alienation are not only reproduced
but also reconfigured through platform-based and data-driven systems [2-3].
Algorithmic management increasingly disciplines platform workers by embedding
surveillance, performance evaluation, and behavioral nudging into everyday labor
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processes. Social media platforms translate interpersonal interaction into quantifiable
metrics such as likes, shares, and followers, thereby restructuring emotional expression
into measurable digital labor. At the same time, data-driven consumption systems
continuously shape and pre-structure individual preferences, subtly redefining desire
through predictive analytics and recommendation algorithms. Personalized information
environments, generated by algorithmic filtering, further intensify ideological
segmentation and social polarization, fragmenting shared public experience.

These developments are often interpreted either through technological
determinism or as neutral cultural evolution, both of which obscure their underlying
structural determinants. From a Marxist perspective, however, social existence
determines consciousness, and digital technology, as a key productive force, is never
value-neutral [4]. Instead, it is embedded within and shaped by specific relations of
production, particularly those associated with global capital accumulation. The
emergence of platform capitalism demonstrates that technological systems are
increasingly designed to optimize data extraction, behavioral prediction, and value
capture, thereby extending the logic of capital into cognitive and affective domains.

Understanding value transformation in the digital era therefore requires moving
beyond the surface of technological innovation to examine the deeper interaction
between capital accumulation and rationalized digital systems. This paper
conceptualizes this process as ‘digital alienation’, extending Marx’s original
framework to account for the systemic reorganization of labor, consumption,
communication, and cognition under algorithmic governance. Within this framework,
digital technologies function not merely as tools but as mediating structures that
reshape human activity and social relations, producing new forms of value distortion
characterized by utilitarian rationality, fragmentation of experience, and historical
amnesia.

Building on Marx’s humanist critique, this study analyzes how capital, mediated
through advanced digital technologies, restructures everyday practices and subjective
experience. It further explores how these processes generate new tensions between
human subjectivity and technologically mediated systems of control. Rather than
remaining at the level of critique alone, the paper also investigates possible pathways
for transcending digital alienation under conditions of technological irreversibility. In
particular, it emphasizes the reconstruction of value systems grounded in human
subjectivity, collective agency, and normative orientation. Guided by core socialist
values, such reconstruction is envisioned through coordinated efforts in technological
governance, educational transformation, and cultural practice within digital space,
aiming ultimately at the realization of more balanced and human-centered digital
development.

2. Method
2.1 Research Design

This study adopts a qualitative socio-technical analytical framework to examine how
digital technologies generate emerging forms of human alienation. Rather than
developing an algorithmic or experimental model, the study investigates the interaction
between technological systems and social relations through a structured theory-driven
analysis.



J. Cui and L. Wang / Digital Technology and Emerging Forms of Human Alienation 671
2.2 Analytical Framework

The analysis is organized around four dimensions derived from Marxist alienation
theory and contemporary digital society studies: labor alienation, consumption
alienation, interaction alienation, cognitive alienation

2.3 Data Sources and Selection Criteria

The study relies on secondary sources including: peer-reviewed research on digital
labor and platform economies, studies of algorithmic consumption and digital
platforms, research on online interaction and social media behavior, literature on
information overload and algorithmic cognition. Selection criteria included publication
quality, relevance to digital technologies, and conceptual contribution to understanding
human—technology relations.

2.4 Analytical Procedure

To investigate value shifts in the digital age, this study adopts Karl Marx’s theory of
alienated labor from Economic and Philosophic Manuscripts of 1844 as its core
analytical framework. This perspective remains critically relevant, as it reveals how
capital—mediated through big data and artificial intelligence (Al)system —
systematically reshapes and distorts human existence in contemporary digital society.

The research employs a qualitative, theory-driven methodology. First, Marx’s
fourfold conception of alienation—alienation from the product, the labor process,
species-being, and other human beings—is recontextualized within the digital era,
identifying corresponding mechanisms in Al-driven platform labor, datafied
consumption, algorithm-mediated interaction, and fragmented online cognition. Second,
drawing on a critical hermeneutic approach, the study examines concrete digital
phenomena—such as gig work under algorithmic management, consumption practices
driven by data profiling, and information cocoons generated by personalized
recommendation systems—as empirical manifestations of ‘digital alienation.” It further
analyzes how these practices give rise to specific distortions in value orientation,
including utilitarianism, superficiality, and nihilism. Third, the analysis proceeds
deductively across four interconnected lifeworld domains—Ilabor, consumption, social
interaction, and cognition—each corresponding to a dimension of Marx’s original
framework of alienation. This structured approach enables a systematic mapping
between classical theory and contemporary digital conditions.

The study draws on secondary sources, including peer-reviewed academic
literature, documented cases of digital platforms, and sociocultural trends reported in
authoritative journals and policy documents. No primary empirical data are collected;
instead, existing scholarship is critically synthesized through the lens of Marxist
humanism. Particular emphasis is placed on the mediating role of big data analytics and
Al algorithms in reshaping human practices and value systems.

By grounding its analysis in Marx’s theoretical framework while extending it to
digitally mediated contexts, this methodology ensures both analytical rigor and
historical continuity, effectively bridging the insights of the 1844 Manuscripts with the
value crises characteristic of contemporary algorithmic capitalism.
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3. Results and Discussion

Applying the aforementioned methodology, this section presents empirical findings on
digital alienation across key lifeworld domains, examines their underlying dynamics,
and explores pathways for sublation—thereby moving from critical diagnosis to
constructive engagement. The results are presented in Table 1.

Table 1. Analytical classification of digital alienation across labor, consumption, interaction, and cognition

Domain Manifestations Value Implications
Labor Deskilling, quantified gig work Utilitarianism, short-termism
Consumption Symbolic consumption, desire guidance Superficiality, hedonism
Interaction Instrumental communication, quantified emotion Indifference, utilitarian relations
Cognition Information cocoons, fragmented cognition Nihilism, historical apathy

As shown in the Table 1, the four domains—Iabor, consumption, interaction, and
cognition—correspond to differentiated yet interconnected forms of digital alienation
and value transformation. Recommendation algorithms may shape patterns of
information exposure and attention allocation. Existing scholarship suggests that such
mechanisms can potentially influence users’ cognitive habits and engagement with
broader social and historical contexts.

3.1 Multidimensional Manifestations of Digital Alienation

In the labor domain, under algorithmic management powered by big data and Al,
complex work is atomized into quantifiable tasks. Ride-share drivers follow optimized
routes; delivery riders are judged by minute-based metrics. This fosters a ‘gig
mentality’: work as transient transaction rather than meaningful vocation. This reflects
what Marx termed the ‘alienation of labor activity itself’: once a free, conscious, and
creative confirmation of human essence, labor under digital capitalism becomes an
external, coercive means of subsistence [5].This form of digital labor encompasses both
paid labor by platform gig workers (e.g., ride-share drivers, content moderators)[6] and
unpaid labor by ordinary internet users who post content on social media, produce
behavioral data across apps, and even passively contribute their attention [7].Thus, we
witness a huge rift between the ‘peaceful and idealized life presented in social media
feeds’ and the overwhelming anxiety in real life, as well as the endless emergence of
unscrupulous hype that seeks to gain online traffic at all costs, even challenging public
order and good morals. This has resulted in the fact that ‘while digital labor brings a
certain degree of freedom and flexibility, it also gives rise to a deeper form of
alienation’.

As Marx argues, free, conscious labor constitutes humans ‘species-being’[8].
Digital alienation erodes professional pride and belonging, replacing them with
utilitarian short-termism. In the consumption and daily life domain, digital platforms
generate continuous desire via big-data profiling and Al recommendations, shifting
consumption from use value to symbolic value (e.g., brand-collaboration sneakers,
photo-oriented ‘check-ins’). This ‘symbolic consumption’ ties happiness to external
display— ‘I am what I consume’. Instant gratification erodes frugality, producing
alienated value systems such as the ‘exquisitely poor’. In the cognitive and public
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sphere domain, Personalized recommendation algorithms create ‘information cocoons’,
reinforcing biases and sliding society toward post-truth conditions. Fragmented,
decontextualized information weakens historical consciousness; grand narratives
become memes (e.g., romanticizing the Republican era via filters), endangering
national identity and cultural confidence.

3.2 Essential Critique: Life world Colonization and the Alienation of Values

The four dimensions identified above share a common underlying logic: driven by
capital’s imperative of value accumulation, technological systems increasingly colonize
the lifeworld—the domain of communication, meaning-making, and value formation.
In this process, algorithms commodify diverse aspects of human existence: labor is
reduced to orders, consumption to symbols, communication to traffic, and cognition to
polarized positioning.

Under conditions of digital capitalism, the internal criteria by which values are
judged become both algorithmically structured and capital-driven. ‘Good’ is equated
with traffic, ‘kindness’ with conversion, ‘beauty’ with attention, and ‘ruth’ with virality.
Qualitative and intrinsic standards are thus displaced by quantitative metrics and
instrumental calculations [9].

This transformation produces a systematic distortion of value orientation,
manifesting in utilitarianism, fragmentation, and superficiality. These tendencies not
only reshape individual perception and behavior but also erode the foundations of
shared meaning and normative consensus, giving rise to widespread anxiety and a
pervasive sense of value emptiness.

3.3 Path Exploration: Sublating Digital Alienation through Core Socialist Values

In the context of human development in the digital age, the central task is to reestablish
the subjectivity of human beings under new technological conditions. Neither
resistance to technology nor nostalgic attempts to restore a pre-digital past offer viable
solutions. Instead, constructive responses require coordinated efforts across
technological governance, education, and cultural development.

At the technological level, governance mechanisms must effectively regulate
platform capital and data monopolies through antitrust enforcement, labor rights
protection, and enhanced algorithmic accountability. At the same time, the
development of non-profit and public-oriented digital platforms should be encouraged
to rebalance the digital ecosystem. At the educational level, cultivating digital critical
literacy is essential. This involves equipping individuals—especially students—with
the capacity to decode technological systems, recognize algorithmic biases, and sustain
rational judgment, reflective thinking, and historically grounded perspectives in digital
environments [10]. At the cultural level, core socialist values should be organically
embedded within the digital lifeworld. This requires leveraging emerging technologies
such as big data, artificial intelligence, and VR/AR to create engaging and
value-oriented cultural products, including immersive educational experiences and
thematically rich digital media [11]. Supporting creators who promote constructive and
socially beneficial content is also crucial for fostering a healthy digital culture [8].
Taken together, these pathways aim to transcend digital alienation while
acknowledging the irreversibility of technological development. They ultimately point
toward the Marxist ideal—articulated by Karl Marx—of the free and all-round
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development of human beings as the normative horizon for value reconstruction in the
digital age.

4. Conclusion

Value transformation in the digital age is not merely a cultural trend but a profound
political-economic issue of human existence shaped by technological appearances. This
study argues that Marx’s theory of alienated labor in Economic and Philosophic
Manuscripts of 1844 remains highly relevant, offering strong critical and explanatory
power in the era of digital capitalism. The utilitarian, fragmented, and superficial
tendencies of contemporary values stem from ‘digital alienation’, which arises from
specific production relations and reflects a systemic distortion of human existence
under digital technologies.

Marxism thus functions both as a ‘weapon of criticism’ and a ‘criticism of
weapons’. While capitalist applications of technology may intensify alienation and
value disorder, socialist utilization can sublate alienation and promote individuals’ free
and comprehensive development. Accordingly, it is essential to strengthen
technological governance, educational guidance, and cultural practice to ensure
technology serves human flourishing, enabling core socialist values to thrive in the
algorithmic age.
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Abstract: Based on the actual operational process, this paper focuses on the
research of technologies, such as grab shaking proof positioning, 3D laser
scanning modeling, space anti-collision, visual recognition, and fully automatic
operation. The technologies enabled the fully automated operation of portal cranes.
These technologies have been successfully applied to the No. 6 portal crane of
Huanghua Port Cargo Terminal. The portal crane has four fully automatic
operating modes, including cabin-to-fixed point unloading, cabin-to-piece area
unloading, fixed point grabbing and loading, and piece area grabbing and loading,
thereby enabling intelligent control of portal crane operations.

Keywords: portal crane, grab shaking proof positioning, 3D laser scanning
modeling, space anti-collision, fully automatic operation.

1. Introduction

With the growth of China's economy and global trade, Chinese ports have developed
rapidly [1]. Portal cranes have the advantages of diverse types of work assignments,
high work efficiency, and easy operation. Portal cranes have been widely used in
terminal work areas and play a very important role in many lifting machinery in the
port. The traditional mode of operation relies on the driver in the cab. It has the
disadvantages of high operating skill requirements, a long period of driver training, and
high labor intensity. The operating efficiency is unstable. There are greater safety risks.
At present, crane automation technology is used in container operations in China. It has
been widely used in ports such as Yangshan Port and Qingdao Port. However, the main
lifting equipment at cargo terminals is rotary cranes, which has led to the absence of
portal crane automation technology at these cargo terminals.

1 Corresponding Author, Yunfei ZOU, Waterborne Transportation Institute, Beijing 100088, China;
E-mail: zouyunfei@wti.ac.cn



676 X. Li et al. / Application Research of Portal Crane Intelligent Control System
2. Grab positioning and Anti-Shake Technology.

This paper adopts a closed-loop control system to achieve grab position control and
anti-shake technology. Based on the coordinate positions of each mechanism to record
the real-time spatial position of the grab and the kinematic model of the portal crane,
the motion trajectories and speeds of each mechanism can be quickly and accurately
calculated to realize anti-shake and positioning of the portal crane’s grab [2-3].

2.1. Principle of anti-shake technology

Figure 1 shows the schematic diagram of the grab anti-shake system. The external
variable used to estimate the shake angle is the equivalent rope length. Equation (1)
gives the simple pendulum period formula. 7 is the single pendulum period, and the
unit of 7 is seconds (s). L is the equivalent rope length, and the unit of L is meters (m).
g is the acceleration of gravity.

Z—
Handle =
command

Motor

.| Smoothing

speed
filter

Angle
attenuation
control
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angle speed
estimation
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Figure 1. Diagram of grab positioning and anti-shake technology.

The equivalent rope length of the grab is determined by establishing a table of the
oscillation period of the grab, and the deflection Angle of the grab is calculated by
taking the walking speed and the equivalent rope as the external input variables. The
motor speed is accurately regulated by the closed-loop vector control mode of the
inverter, which realizes automatic hook operation [4].

T=2zL/g (1)

2.2. Grab positioning technology

After eliminating grab shaking, the spatial position of the grab can be determined from
the positions of each mechanism of portal crane and the kinematics model of portal
crane. The trajectory and speed of each mechanism are determined. The position of the
grab is accurately located.
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3. Material and Ship Type Modeling Technology.

This paper uses a laser scanner to scan the target area in 2D and adds Z-axis movement
to generate 3D point cloud data [5]. Micro-nano filtering and non-local mean noise
reduction algorithms are used to process the original data. Based on the viewing angle
of the laser scanner, the spatial position of the target object is determined by an image
feature recognition algorithm [6]. The rotation transformation algorithm is used to
calculate the coordinate transformation matrix of the spatial coordinate system and the
global coordinate system. The coordinate values of the hatches, ship’s side decks, and
material areas are determined in the global coordinate system.

3.1. Principal of coordinate transformation

Coordinate transformation describes the position of a physical object. Coordinate
transformation generally includes three operations: translation, scaling, and rotation.
For a given point, it is V,in the A4 coordinate system. In the B coordinate system, its
coordinate value ¥, can be obtained by translation and rotation. The expression of T,
is shown in Equation (2).

R, t
T — ab ab b
ab O 1 ( )

In Equation (2), R is the rotation matrix and is 7, the translation vector. Solving
Equation (2) yields Equation (3).

V.=1,%V, 3

3.2. Modeling

3.2.1. Scanning calibration

The No. 6 portal crane is rotated to the direction where the boom is parallel to the
coastline, and the boom points to the direction of the No. 5 portal crane. The scanner is
activated in actual working conditions. The scene is 3D scanned. The point cloud map
is obtained. The angle between the earth plane and the ideal horizontal plane is
extracted. The predefined rotation zero position of the servo pan-tilt is corrected. The
angle between the coastline and the crane’s orientation is extracted. The rotation angle
between the rotation coordinate system and the global coordinate system is corrected.

In addition to correcting the angle of the scanner, the offset of the gimbal base
coordinate system relative to the portal crane rotation coordinate system should also be
determined. According to the mechanical drawings of the portal crane and the point
cloud data obtained by the scanner, a “point with the same name” can be found in the
point cloud map to determine the offset between the two coordinate systems.

3.2.2. 3D scanning of the ship Type

After calibration is completed, the coordinate transformation chain between the scanner
and the global coordinate system is determined. The coordinate system is defined as the
X-axis parallel to the coastline, the Y-axis facing the sea, and the Z-axis vertically
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upward. The origin is set as the vertical projection of the center on the dock surface.
All coordinates of the portal crane are based on information from this coordinate
system.

3.2.3. Hatch coordinate extraction

The hatch coordinate includes the hatch height and the four corner coordinates. First,
the points in the world coordinate system are homogenized and denoised, and then the
plane detection algorithm is used to determine the deck height. After that, the four
corner coordinates of the hatch are determined using deck height and point cloud data.

3.2.4. Material extraction

To achieve fully automatic operation, the height of the material needs to be detected.
The height of the grab drop can be controlled when grabbing the material. According to
the operation process, the hatch range can be divided into checkerboard grids. Each cell
represents a material capture process. According to the execution strategy, the
automated operation process can be executed.

Based on the hatch range, the set safety margin, and the execution step size, the
material area is divided into M XN checkerboard grids. The point height (Z direction)
in each checkerboard is counted to determine the average height in the grid. The 3D
modeling diagram of the material and ship type is shown in Figure 2. The center point
of the grid and the average height (Z direction) are used as the target point for the
actual portal crane. Based on the target point, the corresponding material grabbing
operation is carried out.

Figure 2. 3D modeling diagram of materials and ship type.

4. Safety Protection Technology.
4.1. Obstacle recognition technology
Obstacles on the driving route can be detected and avoided by obstacle recognition

technology. To realize the dynamic protection during the fully automatic full-process
operation [7], two laser scanners equipped with servo PTZ are installed on both sides of
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the electric room of the portal crane, and a 16-line laser scanner (3D) is installed at the
elephant trunk beam of the portal crane. Based on data from three laser scanners, the
portal crane is equipped with the function of automatically identifying obstacles on the
operating route [8]. It provides a safety guarantee for fully automatic operation.

4.1.1. Cab protection area

The schematic diagram of the cab protective area is shown in Figure 3. Based on the
actual rotation speed of the portal crane, the point cloud data is obtained in the
scanning range of the scanner. The amplitude and grab height of the portal crane boom
are used as the defined area, and the number of point clouds in the area is counted. The
conditions for setting the number of thresholds are as follows:

1) If the number of point clouds is less than the threshold number, it is considered
that there are no obstacles in the protected area. The system is operating normally.

2) If the number of point clouds is greater than the threshold number, it is
considered that there is an obstacle in the protective area. The command to stop
rotation is generated and sent to the PLC, which controls the gantry crane to slow its
rotation speed until it stops.
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Figure 3. Diagram of the cab protection area.

4.1.2. Protective area at the elephant trunk beam

A schematic diagram of the protective area at the elephant trunk beam is shown in
Figure 4. The 3D laser scanner is installed at the front of the elephant trunk beam. The
scanner can scan in all directions horizontally. The vertical scanning angle is 30
degrees. During the fully automatic operation of the portal crane, the number of point
clouds in the protective area can be counted. The obstacles in the protective area can be
determined. The corresponding treatment measures can be taken. The working
principle is the same as that of the protective area in the cab.
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Figure 4. Diagram of the protective area at the elephant trunk beam.

4.2. Safety early warning technology

4.2.1. Internal parameter calibration and pixel coordinate acquisition

The calibration board and the open-source computer vision library (Open CV) are used
to calibrate the internal parameters of the camera. The hopper image captured by the
camera is converted from the RGB color space to the HSV space. The binary image is
generated using image segmentation, morphological expansion, and corrosion. Based
on deep learning, the image edge and contour extraction method is used to obtain the
overall contour map [9]. Finally, the pixel coordinate values of the four corners are
obtained through the linear transformation detection of vision. The schematic diagram
of the corner points of the hopper is shown in Figure 5.

a) Three primary color space maps of hopper. b) Hopper outline diagram.

Figure 5. Diagram of the corner points of the hopper.

4.2.2. Calibration of external camera parameters

It is assumed that a certain edge of the hopper is parallel to the direction of travel of the
portal crane. The target coordinate system is defined under this assumption. The
direction of travel of the portal crane is defined as the X-axis. The Y-axis is
perpendicular to the X-axis and parallel to the ground. The Z-axis is perpendicular to
the ground. The origin is the ground projection of the hopper lower left corner.
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It is assumed that the hopper is a square with a side length # and a height H. The
coordinates of the four corners of the hopper in the world coordinate system can be
defined as: (0, 0, H), (W, 0, H), (W, W, H), and (0, W, H). According to the coordinates
of the four corners in the global coordinate system and the pixel coordinates in the
image coordinate system, the external parameter matrix from the global coordinate
system to the pixel coordinate system can be obtained.

4.2.3. Definition of warning areas

The warning area can be defined in the following two steps. The first step is to project
the four corner points onto the ground, mark their coordinates as (0, 0), (W, 0), (W, W),
and (0, ), and extend these four projection points outward by Ext meter to obtain the
coordinate values of the alert area in the global coordinate system; the second step is to
determine the coordinate values of the alert area in the pixel coordinate system through
the external parameter matrix obtained in Chapter 3.2.2. The schematic diagram of the

hopper expansion area is shown in Figure 6.
ciimer

Figure 6. Hopper expansion area Diagram.

4.2.4. Target detection

The field of view of people and cars can be determined using the image edge and
contour extraction method. Safety accidents can be avoided. In practice, the target
detection method based on background difference is prone to false alarms. The reason
is that the harsh operating environment easily causes cloud shadows and dust. The
safety warning system is extremely prone to false alarms. Therefore, a feature detection
method is used to reduce the probability of false alarms.

4.2.5. Regional intrusion alarm

If an intrusion target appears in the area near the hopper, the safety warning system will
be triggered. The location, size, and category of the intrusion target will be identified
on the camera screen. According to the current operating actions of the portal crane,
two safe disposal actions are designed: the first case is that when the grab is above the
hopper and ready to open the hopper for unloading, if there is an invasion target in the
area near the hopper, then stop opening the hopper operation; the second case is that
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the portal crane is in the process of opening the hopper, if there is an invasion target in
the area near the hopper, then urgently act of closing the hopper.

5. Fully Automatic Control Technology.

According to the control requirements, the system supports four control modes:
unloading from the cabin to a fixed location, unloading from the cabin to the piece area,
loading at a fixed point, and loading at a piece area. The operator manually completes
one working cycle. The system automatically completes recording the coordinates and
scanning the job points. A task schedule is created. Then start the operation command,
and the system will automatically start the operation according to the above strategy.
When the anti-collision system alarms, the operation is suspended immediately. After
the alarm is eliminated, the operation can continue until the operation is stopped after
the task of the operation planning table is completed. The automatic full-process
operation flow is shown in Figure 7.

Automation
control

Select the operating mode

Manual calibration

Manually complete a work
cycle

v

System data collection

Job planning

Job instructions

Stop the job

Automated work flow

Anti-collision
detection

Waiting/avoiding
obstacles

Single job completed

Figure 7. Automatic full-process operation flow.
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6. Application of Portal Crane Intelligent Control System Technology.
The intelligent control system for portal cranes includes the grab anti-shake positioning

system, the 3D laser scanning modeling system, the space anti-collision system, and the
portal crane condition monitoring and management system. It has been successfully

applied to the No. 6 portal crane of Huanghua Port Cargo Terminal.

Fully automatic control system

l

l

|

l

grab anti-shake
positioning system

3D laser scanning
modeling system

space anti-collision
system

portal crane condition monitoring
and management system

l

I

I

l

Principle of
anti-shake technology

Material and ship type
modeling technology

Dbstacle recognitior

technology

Fully automatic
control technology

Figure 8. System composition and technical methods.
6.1. Grab the anti-shake positioning system

According to the operating characteristics of the No. 6 portal crane of the cargo
terminal, the shaking proof positioning board and shaking proof positioning software
are independently designed and developed. The data is collected in real time by the
incremental encoders of each mechanism. It can realize the automatic shaking proof
and positioning functions of the various mechanisms.

6.2. 3D laser scanning modeling system

Laser scanning equipment with a gimbal on the platform is installed outside the
electrical room. The gimbal can dynamically control the laser to scan full coverage of
the hatch and the operating location of the pitch angle range. The integrity of data
collection for the identified target is guaranteed. Laser scanning equipment is used to
identify the position of the hatch and the height of the ship's side. A 3D laser scanning
modeling system for point cloud data processing is independently developed. The 3D
laser scanning modeling system can process point cloud data and obtain information
such as hatch positions and freeboard height of the ship.

6.3. Space anti-collision system

The multi-line laser scanner is installed on the bridge of the trunk. The laser scanner
equipped with a servo gimbal is installed on both sides of the electrical room. By using
the obstacle recognition module in the space anti-collision system, the dynamic
protection of the portal crane during automatic operation can be realized. An alert
camera is installed on the rotary platform, and the safety early warning module in the
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space anti-collision system is used to realize the early warning of the safety area and
ensure the automatic and safe operation of the portal crane.

6.4. Condition monitoring and management system

The condition monitoring and management system for the portal crane is installed in
the automation control cabinet. The system provides real-time condition monitoring,
fault collection, diagnosis and analysis, fault tracking, and maintenance. The system
can record and save all monitoring values, and managers can check the current or
historical working status of the portal crane at any time.

7. Conclusion.

This paper focuses on grab shaking proof positioning technology, 3D laser scanning
modeling technology, space anti-collision technology, visual recognition technology,
and fully automatic operation strategy technology. The intelligent control system has
been installed on the No. 6 portal crane at Huanghua Port Cargo Terminal. The labor
cost has been reduced by 20%. The safety level of portal crane operations has been
fundamentally improved. The intelligent control system solves the problem of portal
crane operation automation and marks a new stage in the development of the portal
crane.
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Abstract. To enhance the accuracy of building material sorting, a method based
on deep learning is proposed. In this approach, building material images are used
as inputs and undergo deep learning processing through two separate branch
networks. One branch employs average pooling, while the other utilizes max
pooling. During the convolution process, both 2D convolution and dilated
convolution are utilized, and the SoftMax function is employed as the activation
function. In the experimental process, the CNN method was selected as the
reference approach for screening images of seven types of building materials. The
experimental results demonstrate that our method significantly outperforms the
CNN method in terms of both classification accuracy and convergence efficiency.

Keywords. Building materials, screening, deep learning, activation function

1. Introduction

Building material screening is a core aspect of the construction industry. It controls
material quality from the source, ensures the safety and durability of building structures,
and prevents safety accidents caused by material defects [1]. Intelligent screening
breaks through the efficiency bottleneck and error limitations of manual sorting,
achieves precise evaluation and classification of material properties, and can optimize
material selection schemes through data analysis, helping the construction industry
upgrade towards intelligence, efficiency, and sustainability [2-3]. Currently, the
integrated development of image retrieval and deep learning is entering a stage of deep
innovation. The iteration of deep learning technology has brought comprehensive
changes to image retrieval, from feature extraction to semantic understanding [4-5]. At
the level of feature extraction, Convolutional Neural Networks (CNNs) have become
the core support of image retrieval due to their powerful ability to capture local features.
Through multiple layers of convolution and pooling operations, CNNs can accurately
extract low-level features such as texture and shape from images [6-7]. Vision
Transformers (ViTs), with their global attention mechanisms, break the local vision
limitations of CNNs, enabling efficient extraction of global semantic information from
images and further improving retrieval accuracy [8-9]. In the dimension of semantic
understanding, multimodal deep learning models have become a research hotspot. They
can perform associative learning between images and multimodal information such as

1 Corresponding Author: Mochao Zhou, Nantong Institute of Technology, Nantong, China; Email:
zhoumocha02026@163.com.
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text and audio, allowing image retrieval to break through pure visual matching and
achieve accurate retrieval based on semantic content. In addition, the application of
Generative Adversarial Networks (GANs) in image retrieval is gradually deepening.
By generating diverse image samples, GANs enrich the data sources for retrieval and
also provide possibilities for stylized image retrieval [10]. In this paper, a dual-branch
deep learning network will be constructed to achieve image retrieval of building
materials, thereby achieving the goal of intelligent screening of building materials.

2. The Proposed Method
2.1. Method Framework

To enhance the accuracy of building material screening, we employ a deep learning
algorithm framework. Once the images of building materials are input into the deep
learning network, they are processed through two separate branches for learning, and
then merged to generate the screening results. The overall framework of this method is
illustrated in Figure 1.
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Figure 1. Deep learning framework for image filtering of building materials

As can be seen from Figure 1, after the architectural image is fed into the deep
learning network, it undergoes processing through average pooling in the upper branch
and maximum pooling in the lower branch. Subsequently, it goes through convolution,
activation, and other treatments before being fused to generate the screening results.
The merging of two different methods at two branches can increase the accuracy and
reliability of building material screening.

2.2. 2D convolution and dilated convolution
There are many types of convolutional forms that can be adopted in the deep learning

process, and 2D convolution is chosen in this paper. The mathematical operation
performed by 2D convolution is shown in formula (1):
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Here, (X, V) is the pixel position, (2,V) is the convolution position, k(Z, j) is

the kernel function, / is the number of layers, and C is the number of channels.

If the target area of building materials in the image is large enough, it is necessary
to broaden the field of view to achieve more accurate observation and judgment. To
expand the field of view in deep learning, dilated convolution can be further employed.
So, the use of dilated convolution is equivalent to further supplementing and improving
2D convolution.

Compared to conventional convolution, the core advantage of dilated convolution
lies in its ability to significantly expand the receptive field with the same number of
parameters, without requiring additional parameters. At the same time, it can acquire
global information without reducing the resolution of the feature map, avoiding the
information loss problem that occurs when conventional convolution expands the
receptive field through downsampling. Furthermore, it can flexibly capture multi-scale
features by adjusting the dilation rate, performing better in tasks that require both
details and global information, such as semantic segmentation and object detection.

The mathematical operation performed by dilated convolution is shown in formula

Q2):
y(p) =Zx(p+r-i)k(i) @)

Here, p is the current point, X is the input, ) is the convolution result, k(i) is

the kernel function, and 7 is the number of holes.
2.3. Activation processing

After 2D convolution and dilated convolution, an activation function is further applied
to enhance the nonlinear expression capability of the deep learning process. The ReLU
activation function has become a common choice in the field of deep learning due to its
multiple advantages. Its calculation logic is simple, requiring only the determination of
the sign of the input and the selection of the maximum value, without complex
exponential operations, which significantly improves the computational efficiency of
the model.
The mathematical operation performed by the ReLU activation function is shown
in formula (3):
Re Lu(x) x x>0 ;
CLU(X)=
0 x<0 ®
As an improved version of ReLU, LReLU's core advantage lies in addressing the
"neuron death" issue of ReLU. ReLU maps negative inputs directly to 0. If neurons
receive negative inputs for a long time, the gradient will remain constant at 0,
preventing weight updates and causing permanent deactivation. However, LReLU
introduces a minimal slope (typically 0.01) in the negative range, allowing negative
inputs to output small non-zero values. During backpropagation, the gradient is no
longer 0, ensuring continuous neuron updates. At the same time, it retains the
advantages of ReLU, such as efficient computation and stable gradients in the positive
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range. In scenarios such as deep networks and data distribution shifts, LReLU offers
superior model robustness and training stability.

The mathematical operation performed by the LReLU activation function is
shown in formula (4):

x x>0
LRe Lu(x)= “4)
ax x<0

Here, x is the input, and a is the activation coefficient.

The SoftMax activation function differs from the LReLU activation function in its
positioning, with its advantages primarily lying in its adaptability to multi-classification
tasks. It can transform the model output into a probability distribution with a sum of 1,
intuitively reflecting the confidence of samples belonging to various categories, which
aligns with the probabilistic interpretation requirements of classification tasks. The
mathematical operation performed by the SoftMax activation function is shown in
formula (5):

a;

SoftMax(a,) = < ®)

>
j

Here, e is the deviation, @; and a j is the coefficient.

3. Experimental results and analysis

In previous research work, a method based on deep learning networks was proposed for
the screening of building materials. To verify the effectiveness of this method,
experimental research was conducted. During the experiment, a dataset of building
material images was first constructed, with a total of 12,000 images selected. Some
sample images are shown in Figure 2.

Figure 2. Sample images of building materials
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As can be seen from Figure 2, the constructed image dataset includes images of
various types of building materials, such as board materials, reinforcement materials,
cage materials, sand and stone materials, and so on.

Next, we first verify the accuracy of the proposed deep learning method for image
screening of building materials. Here, the CNN method is selected as the reference
method. Both methods are applied to the classification screening of a self-built dataset,
where the seven types of building materials are: 1-board materials, 2-reinforcement
materials, 3-cage materials, 4-sand and stone materials, 5-powder materials, 6-block
materials, and 7-pipe materials. The comparison of the accuracy of the two methods in
classification screening is shown in Figure 3.
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Figure 3. Comparison of accuracy rates for classification and screening using two methods

As can be seen from Figure 3, our proposed deep learning method achieved higher
classification and screening accuracy for all seven different types of building materials.
A comparison between the two sets of curves reveals that the CNN method generally
achieves a screening accuracy of 85-90% for images of these seven types of building
materials, whereas our method achieves a screening accuracy of over 90% for all types
of building material images.

Further comparison of the convergence speed and iteration accuracy of the two
methods is shown in Figure 4.
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As can be seen from Figure 4, our method exhibits a faster convergence speed and
higher convergence accuracy in the process of filtering building material images. After
40 iterations, the value of our method's loss function has already dropped below 0.01
and continues to decrease. In contrast, the value of the loss function for the CNN
method remains above 0.01 even after 200 iterations.

4. Conclusions

To effectively enhance the accuracy of building material sorting, this paper proposes an
innovative deep learning scheme. This scheme utilizes building material images as the
input carrier and constructs dual-branch parallel deep learning architecture. One branch
introduces average pooling operations, focusing on extracting global feature
information from the images; the other branch adopts max pooling strategies,
concentrating on capturing local key features of the images. During the convolution
operation stage, the scheme innovatively integrates 2D convolution and dilated
convolution techniques. The former ensures the precise extraction of basic features,
while the latter explores richer deep features by expanding the receptive field. Finally,
the SoftMax activation function is utilized to complete classification mapping. In the
experimental phase, traditional CNN methods are selected as the control group, and
classification tests are conducted on seven different types of building material images.
The results show that compared to traditional CNN methods, this approach achieves
significant improvement in classification accuracy metrics, all reaching over 90%. At
the same time, the convergence speed and stability of the model also demonstrate
significant advantages, providing an efficient and feasible technical path for intelligent
sorting of building materials.
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Abstract. Transient electromagnetic (TEM) method is a geophysical exploration
technique characterized by high detection accuracy, significant depth penetration,
and a wide range of applications, making it extensively utilized in engineering
surveys. Current TEM inversion primarily relies on gradient-based linear inversion
algorithms, which offer high inversion efficiency but are highly dependent on the
initial model, prone to local optima, and the accuracy of the inversion results is
heavily influenced by prior geological information. In contrast, stochastic evolution-
based nonlinear inversion algorithms exhibit low dependence on the initial model
and high inversion accuracy, but they are computationally intensive and suffer from
low convergence efficiency, limiting their applicability in real-field data. This study
presents an improved particle swarm optimization (IPSO) algorithm, building upon
the conventional PSO framework. The improvement is achieved through two key
modifications: dynamically reducing the swarm size during later iterations to
enhance inversion efficiency, and substituting invalid particles with valid ones to
improve the global search capability. In comparison with the standard PSO, the
TIPSO algorithm demonstrates less computation, higher convergence efficiency, and
higher inversion accuracy. The effectiveness of the proposed algorithm, validated
by both synthetic and field data examples, is expected to promote the broader

application of nonlinear inversion methods in TEM inversion.

Keywords. Transient electromagnetic, Improved particle swarm optimization,

Efficient nonlinear inversion, Independent of the initial model.

1. Introduction

691

The transient electromagnetic (TEM) method is based on the conductivity differences of
underground media. The method involves transmitting a primary pulsed magnetic field
into the ground and then analyzing and inferring the subsurface geoelectric structure by
observing and recording the decay pattern of the induced secondary field. This method
is widely used in geological surveys and engineering investigations due to its strong

applicability, high efficiency, and high vertical resolution [1-3].

Efficiency, accuracy, and reduced dependence on prior information are key to the
development of TEM inversion [4-5]. Currently, gradient-based local linear inversion
methods generally have high inversion efficiency, but the accuracy of the inversion

! Corresponding author: Haitao Yan, E-mail: yanhaitao@msn.com
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results heavily relies on prior geological information. When the initial model is
inaccurately set, the inversion process is prone to falling into local extrema, and leading
to inversion failure [6-8]. In contrast, global optimization algorithms based on random
evolution typically have low dependence on initial models, are less likely to fall into
local extrema, and offer higher inversion accuracy. However, they generally have large
computation and low convergence efficiency, making them less applicable in field
measurement data inversion [9-12].

Particle swarm optimization (PSO) is a typical swarm intelligence random evolution
algorithm with widespread and mature applications in various fields [13-15]. It does not
require setting an initial model, only needs to define a broad model search range, and has
low dependence on prior geological information. It has a large swarm size, which makes
it having a strong global optimal solution search capability and high convergence
efficiency [16-18]. However, further improvements are still needed to enhance its
inversion efficiency and broaden application.

This study proposes an improved particle swarm optimization (IPSO) algorithm
basing on the traditional PSO algorithm. The population size in the middle and later
stages is reduced to decrease the computation and improve inversion efficiency. The
particle diversity is continuously maintained by substituting invalid particles with valid
ones to enhance the global search capability [19-20]. This research conducted
comparative studies of PSO and IPSO algorithms in theoretical examples, verifying the
superiority of the algorithm. In real measurement data inversion, the inversion results
showed high consistency with borehole data, validating the algorithm's applicability in
field data.

2. Methodologies
Since the IPSO strategy has been described in detail by Yan (2024) [20], this paper
briefly introduces its main steps as follows:

(1) Randomly generate M, initial particle positions (p).
Each particle corresponds to a model for TEM inversion, and the initial model
generation rules are shown in Egs. (1) and (2).

P = Prin T (o = Prin)y O]

Thk, =Thk.,, +r(Thk,, —Thk.;,), (2)

where p, and Thk, are resistivity and layer thickness of the i layer, respectively;
Puin and O are the minimum and maximum resistivity values, set to 50 and 800

(Qem) in this paper, respectively; Thk , and Thk _ are the minimum and maximum

layer thickness, set to 10 and 100 (m) in this paper, respectively; r is a random number
distributed uniformly in (0, 1).

(2) Calculate the particle parameters.
Calculate the particle objective function (@) based on the layer model corresponding
to the particle, conduct TEM forward modeling to obtain theoretical induced voltage and
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apparent resistivity, and the objective function is the root mean square error (RMSE)
between measured values and theoretical values, as shown in Eq. (3).

2

CEDY LMLy e ®

where @ denotes the objective function; p,,, and P, are the predicted and observed

apparent resistivity, respectively; the symbols || ||2 denotes the /;-norm of a matrix.

Calculate the individual optimal position (pbest), swarm optimal position (gbest)
position-increment (v), and update the particle position by Egs. (4) and (5).

p,-k+1 — p[k +V,-k+l’ (4)

v =] +ap(phest; - pl)+a,(gbest' - pl), 5)

where i and k denote the particle serial number and the iteration number, respectively;

p. and v are the position and position-increment of the i particle at the £ iteration,
respectively; pbest; is the previous best position of the i particle at the k" iteration;

gbestk is the previous best position of the entire swarm at the £ iteration; % and %
represent the random numbers uniformly distributed in (0, 1); w is the inertia weight,
which is set to 0.729; d; and 4, denote the local and global factors, respectively,

which are set to 1.494 in this paper according to Clerc (2002) [21].

(3) Reduce population size.

Setting the population size as M, to iterate K; times, then changing the population size
as M, to iterate K times, and A, is less than M. This ensures that IPSO maintains a
larger population in early iterations to enhance global search capability, while employing
a smaller population in later iterations to improve inversion efficiency.

(4) Perform particle diversity maintenance.

Every N iterations, perform particle diversity maintenance by removing invalid
particles and randomly adding new particles.

(5) Iteration termination.

The iteration terminates when the objective function is less than the preset value (®7)
or the number of iterations reaches the upper limit.

The parameters of IPSO algorithm used in this paper are listed in Table 1, and the
flowchart of IPSO is shown in Figure 1.

Table 1. Parameters used in the IPSO inversion.

M K M K N w ai a:
128 20 64 80 20 0.729 1.494 1.494
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Figure 1. Flowchart of the IPSO inversion.

3. Synthetic examples

This paper sets up two layered geological models with alternating high and low resistivity,
denoted as HKH and KHK, with their resistivity and thickness listed in Table 2. This
study uses the forward-modeled apparent resistivity of HKH and KHK models as the
measured data in synthetic examples.

This study conducts inversions using both PSO and IPSO, and their results are
summarized as follows: the inverted model parameters are provided in Table 2; the
comparisons of induced voltage, apparent resistivity, and the layered model are shown
in Figures 2, 3, and 4, respectively; and the RMSE reduction curves are compared in
Figure 5.

In previous studies, both induced voltage and apparent resistivity could be used as
target parameters for TEM inversion. However, as can be seen from the comparison of
Figures 2 and 3, the apparent resistivity exhibits greater differences than the induced
voltage. This implies that performing apparent resistivity inversion offers higher
sensitivity than induced voltage inversion. Therefore, this paper recommends adopting
apparent resistivity inversion.

As shown in Figure 4, both PSO and IPSO inversion results are close to the true model,
but the inversion results of IPSO are superior to those of PSO. As shown in Figure 5(a),
the IPSO inversion converges within 38 generations, achieving a final RMSE of 0.0468;
the PSO inversion converges after 60 iterations and yields a final RMSE of 0.0635. The
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PSO inversion uses 128 particles (M) per generation, and converges at the 60" generation,
which implies a total of 7,808 forward modeling operations (= 128 + 128 * 60). In
contrast, the IPSO algorithm uses 128 particles (M; = 128) in the first 20 generations (K;
=20) and reduces to 64 particles (M, = 64) thereafter, resulting in a total of 3,840 forward
modeling calculations (= 128 + 128 * 20 + 64 * (38 - 20)). In other words, the
computational cost of [IPSO at convergence (3,840) is only 49.2% of that for PSO (7,808),
while the RMSE of IPSO (0.0468) is only 73.7% of that of PSO (0.0635).

The same trend is observed in Figure 5(b): the IPSO inversion converges within 42
generations, achieving a final RMSE of 0.0458; the PSO inversion converges after 66
generations, achieving a final RMSE of 0.0662. The computational cost of IPSO at
convergence (128 + 128 * 20 + 64 *(42 - 20) =4,096) is only 47.8% of that for PSO (128
+ 128 * 66 = 8,576), while the RMSE of IPSO (0.0458) is only 69.2% of that for PSO
(0.0662). Compared to the PSO algorithm, IPSO shows a substantial reduction in both
computational cost and RMSE, demonstrating its superior convergence efficiency and
inversion accuracy.

Table 2. Parameters of the geoelectric models in synthetic examples.

Layer Resistivity Thickness Resistivity Thickness
Model M 1
No. odel (Q-m) (m) ode (Q-m) (m)
1 300 50 50 50
2 100 50 200 50
3 HKH 200 100 KHK 100 100
4 50 100 350 100
5 250 © 250 ©
1 281 46 58 46
2 130 54 192 52
3 Iggg' 214 97 1;}515- 116 110
4 68 106 341 90
5 246 © 245 ©
1 292 55 53 45
2 106 59 207 58
3 11{1:(5}(1)_ 206 99 Il(lflslf)' 110 101
4 62 106 335 91
5 247 © 252 ©
(a) - (b)
®oe¢ —O— HKH I
Do O  HKH-PSO
10°° +  HKH-IPSO | 1 10°®
= 2
= &
% 1010 % 10710
> >
1075 1015+
108 10 102 10° 108 10 102 10°
Time/s Time/s

Figure 2. The induced voltage comparisons of the HKH and KHK model inversions. (a) is the induced voltage
inverted by HKH model, and (b) is the induced voltage inverted by KHK model. The x-axis represents
logarithmic time, the y-axis represents logarithmic induced voltage, the red lines and circles represent the true
model, the black circles represent the model inverted by PSO algorithm, and the blue points represent the model
inverted by IPSO algorithm.
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Figure 3. The resistivity comparisons of the HKH and KHK model inversions. (a) is the resistivity inverted by
HKH model, and (b) is the resistivity inverted by KHK model. The x-axis represents logarithmic time, the y-
axis represents logarithmic resistivity, the red lines and circles represent the true model, the black circles
represent the model inverted by PSO algorithm, and the blue points represent the model inverted by IPSO
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Figure 4. The geoelectric model comparisons of the HKH and KHK model inversions. (a) is the geoelectric
model inverted by HKH model, and (b) is the geoelectric model inverted by KHK model. The x-axis represents
resistivity, the y-axis represents depth, the red lines represent the true model, the black lines represent the model
inverted by PSO algorithm, and the blue lines represent the model inverted by IPSO algorithm.
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Figure 5. The RMSE comparisons of the HKH and KHK model inversions. (a) is the RMSE inverted by HKH
model, and (b) is the RMSE inverted by KHK model. The x-axis represents iteration, the y-axis represents
RMSE. The red and blue lines represent the RMSE from the PSO and IPSO inversions, respectively.
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To further clarify why the IPSO algorithm achieves higher accuracy and efficiency
despite its reduced population size, this paper introduces the concepts of model resistivity
difference and calculated resistivity difference. The strata model is discretized at 1-m
depth intervals up to 400 m, and the resistivity differences are calculated using Eq. (6).
This paper obtains the calculated resistivity through forward modeling, and the
calculated resistivity difference is derived using Eq. (7). If both the model resistivity
difference and the calculated resistivity difference between two particles are low (<0.05),
the particles are identified as similar particles. Such particles contribute similarly to the
model update during iterations, and their presence significantly increases computational
cost without correspondingly enhancing the ability to search for the optimal solution.
Among similar particles, the one with a larger RMSE is referred to as an invalid particle
and will be eliminated. During particle diversity maintenance, pairwise similarity
evaluation is performed for all particles. After removing all invalid particles, the
remaining particles are termed valid particles. If the number of valid particles falls below
the predefined population size, new particles are randomly generated to replenish the
swarm.

& P =P, (@)
D =Y [ Fnd 6
" Z‘[ pm(i)+pn’,(i)] ©

=D+
where D, and D, are the difference of the model and resistivity, respectively. H and

T are the total number of the model depth points and logarithmic time points, respectively.
p,, 1s the model resistivity, and p, is the calculated apparent resistivity.

Figure 6 displays the particle distribution during the PSO inversion of the HKH model,
where the vertical axis represents the RMSE of the apparent resistivity (Eq. 3), and the
horizontal axis denotes the RMSE in resistivity between the trial model and true models

(Eq. 8).
" . N2/ 2 (3)
i=1
where @" is the RMSE in resistivity between the trial model and true models; g, ()

and p,,,(i) represent the resistivity of the trial and true model at the i depth point,
respectively.
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Figure 6. The particles distribution that changes with iteration during the PSO inversion of the HKH model.
(a), (b), (c) and (d) denote the particle distributions of the 1, 20™, 40" and 60" iterations. Blue points represent
all 128 particles in the swarm. Red circles denote the valid particles, with counts of 125, 45, 32, and 23 across
the respective iterations.

As can be seen from Figure 6, during the PSO inversion process, the number of valid
particles gradually decreases as the number of iterations increases, which implies that a
significant amount of ineffective computation is performed in the middle to later stages
of the inversion. In contrast, the IPSO algorithm incorporates particle diversity
maintenance every N iterations, with N =20 in this study. Figure 7 presents a comparison
of particle distributions before and after the maintenance. It can be seen that diversity
maintenance significantly increases the number of valid particles, which enables the
IPSO algorithm to possess a stronger ability to search for optimal solutions. This also
results in the IPSO algorithm achieving higher convergence efficiency and more accurate
inversion results, despite its lower computational cost.
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Figure 7. Comparison of particle distributions before and after particles supplementation during IPSO
inversion of the HKH model. Subplots (a) and (c) show the distributions at the 20" and 40" iterations before
particles supplementation, while (b) and (d) show the corresponding distributions afterward. Blue points
represent all particles in the swarm (128 per iteration). Red circles highlight the valid particles, numbering 29,
64, 22, and 64 in (a) to (d), respectively.

4. Field data application

To validate the effectiveness and engineering applicability of the proposed method, we
apply it to field-measured data for inversion analysis. The field data is collected in
Zhanggqiu District, Jinan City, Shandong Province. A 25Hz transmission base frequency
is adopted, collecting data at 25 frequency points. A transmission coil of 100x100 m?
and a reception coil of 10x10 m? are used, with a transmission current of 80 A. The
obtained field-measured apparent resistivity curve of TEM is shown in Figure 8. In
Figure 8(a), the blue points and lines are the field-measured data, this study applied a 3-
point moving average filter to the data, resulting in the smoothed curve shown in red of
the figure. The high accuracy of the IPSO inversion is demonstrated by the high
consistency in apparent resistivity (Figure 8(b)) and its good agreement with borehole
data (Figure 9).
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Figure 8. The resistivity comparisons of the field data inversion. (a) shows the comparison between the original
and smoothed resistivity, where blue point and line represent the original data, and the red ones represent the
smoothed data. (b) shows the comparison between the measured (smoothed data of (a)) and inverted resistivity,
where the blue curve and points represent the measured data, and the red curve and points correspond to the
inversion results.
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Figure 9. Model comparison and inversion error for the field data. (a) is the comparison between the borehole
(red lines) and the inverted model (blue lines). (b) is the RMSE of the IPSO inversion.

5. Conclusions

The IPSO algorithm proposed in this study is well-suited for TEM inversion. Compared
to traditional gradient-based local optimization algorithms, IPSO exhibits lower
dependence on initial models and higher inversion accuracy. In synthetic examples, the
IPSO algorithm demonstrates higher accuracy, stronger convergence, and lower
computational cost compared to the PSO algorithm, indicating good application
prospects. Subsequently, in field measured data, the IPSO inversion results show high
consistency with the borehole, verifying the applicability of the IPSO algorithm in field
data application. The IPSO algorithm does not require setting an initial model and has
low dependence on prior geological information, resulting in higher inversion efficiency
and good application prospects.
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Abstract. Lack of meaning in life is a significant risk factor for adolescent mental
health, closely associated with psychological distress such as depressive emotions.
This study surveyed 1,014 middle school students to explore the relationship
between family care and meaning in life. The results indicate that family care
significantly and positively predicts meaning in life. Additionally, both family care
and meaning in life show notable gender differences, while no significant
differences were observed across grades. The findings confirm that family care can
enhance adolescents' meaning in life, offering important practical value for
preventing psychological distress and fostering the development of an internal
meaning system among adolescents.

Keywords. adolescents, meaning in life, family care

1. Introduction

The sense of meaning in life is people's perception of life goal and existence value, which
includes two dimensions: pursuing the meaning of life and having the meaning of life,
reflecting the extent to which individuals perceive their pursuit of value and purpose, as
well as whether they feel their lives are meaningful. [1]. Frankl first put forward the
concept of life meaning in psychological research, pointing out that individuals need to
establish and pursue their life goals and values through self-awareness, and then translate
these aspirations into action [2]. Yu and Deng further proposed that meaning in life arises
from the value recognition and self-identity individuals develop while exploring life’s
purpose [3]. This perception not only motivates individuals to pursue meaning but also
enhances their awareness of their own value and life direction.

A lack or absence of meaning in life is often associated with psychological
difficulties. In recent years, there has been a high incidence of depression among
adolescents. According to the Report on the Development of National Mental Health in
China (2021-2022), 14.8% of adolescents were found to be at risk of depression, a rate
significantly higher than that of adults (10.6%). The occurrence of depression is directly
related to the lack of meaning in life. Lan and Wang found that the stronger one's
meaning in life, the lower the level of depression [4]. This protective effect operates
through two mechanisms: directly, by providing a sense of purpose and alleviating
existential emptiness; and indirectly, by enhancing subjective well-being, which in turn
reduces depressive symptoms. This is consistent with the research of Baquero-Tomas et

1 Corresponding Author: Lanyan Qin, 3158342060@qq.com
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al. [5], who surveyed 566 Spanish university students and identified a significant
negative correlation between meaning in life and depressive symptoms. In other words,
individuals with a stronger sense of life meaning tend to experience less severe
depression, whereas those lacking such meaning face a considerably higher risk.

The lack of a sense of meaning in life has become a defining issue of our time, and
the psychological distress it engenders extends far beyond depression and other
diagnosed mental disorders. Implementing effective measures to enhance meaning in life
is therefore essential for promoting the mental health development of adolescents. Based
on this, it is an urgent problem for practitioners and academic circles in the fields of
mental health, social work, and other youth services to explore a universally feasible
intervention path from the perspective of enhancing meaning in life of teenagers.
Accordingly, the scientific measurement of meaning in life and the clarification of its
influencing factors have become essential prerequisites for effective intervention.

Previous studies have discussed the influencing factors of the sense of meaning in
life from many aspects. Chen et al. collected data from 1,043 secondary vocational
school students and found that campus exclusion threatens individuals' basic needs,
thereby hindering the construction of meaning in life [6]. Yang and Xian reported that
mobile phone dependence negatively affects both the seeking and possession dimensions
of meaning in life [7]. Li et al. administered a questionnaire to 772 college students and
revealed that parenting styles characterized by emotional warmth and understanding
significantly promote the development of meaning in life in children. Such parenting
conveys care, support, and love through daily interactions, enabling children to adopt a
positive and optimistic attitude when facing setbacks, thereby enhancing their perception
of meaning in life [8].

Family care reflects the functional operation of family system, which is closely
related to individual mental health. According to Smilkstein, family care refers to the
degree to which family members collaborate to complete various tasks, thereby
strengthening mutual affection and supportive behaviors [9]. An individual's satisfaction
with family care can be comprehensively assessed across five dimensions: adaptation,
growth, emotional atmosphere, cooperation level and intimacy. Skinner et al. further
argue that the fulfillment of basic family functions depends on members’ ability to
complete a series of tasks, and that by providing support to one another, families are
better equipped to cope with crises and emergencies, thereby promoting the development
of both the family and its individual members [10]. As an effective index to evaluate
family function, family care can reflect individual's subjective satisfaction with their
family operation.

Research on family care, both domestically and internationally, has primarily
focused on its relationship with individuals' psychological states, social support, social
anxiety, and related factors. Tang et al. focused on the elderly group, and analyzed the
correlation among their sense of belonging, family care and alexithymia [11]. The results
showed that family care could significantly predict alexithymia. Jing et al. paid attention
to the current situation of family rearing patterns and family care of juvenile delinquents
[12]. The research found that the family function level of juvenile delinquents was
significantly lower than that of ordinary adolescent families, with more pronounced
impairments across multiple functional dimensions. Moreover, a significant correlation
was found between parental rearing styles and family care. The research results of Xia
et al. showed that the family function of middle school students is negatively correlated
with their social anxiety; that is, the higher the family function, the lower the individual's
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social anxiety [13]. Zhang et al. found that better family functioning was linked to
stronger feelings of hope in students [14].

Previous studies have shown that family care and sense of meaning in life have a
significant relationship. Studies have shown that family intimacy can significantly and
positively predict the individual's sense of meaning in life [15]. This is in line with the
research of Zhou et al., who stated that good family care helps older adults maintain a
positive mental state, enhance their sense of social connection, and improve their overall
sense of meaning in life, thereby enabling them to achieve better psychological
adaptation and quality of life when facing aging and health challenges [16]. The research
by Cheng et al. further confirms that good family care helps higher vocational students
to explore the meaning of life more effectively [17]. Therefore, this study will take
teenagers as the investigation object, study the mechanism of family care on the sense of
meaning of life, further reveal the influencing factors of sense of meaning of life, and
provide a basis for improving teenagers' sense of meaning of life.

2. Research design

2.1 Research object

In this study, 27 classes were selected by cluster sampling, and a questionnaire survey
was conducted. A total of 1244 questionnaires were collected, and 1014 valid
questionnaires were obtained after screening, with an effective recovery rate of 81.5%.
2.2 Research tools

2.2.1 Family Care Index Questionnaire

In this study, a questionnaire compiled by Smilkstein was used, with 5 questions in total
[9]. Using a three-level scoring system, the higher the score, the stronger the perceived
family care.

2.2.2 Meaning in life scale

In this study, the meaning in life scale developed by Steger et al. was used as the
measuring tool [1]. The scale contains 10 measurement items, with a 7-point scoring
method. The score of the scale is positively correlated with the level of individual sense
of life meaning.

3. Research results

3.1 Demographic information

After checking the missing and abnormal values, 130 data were deleted, and the
remaining 1014 data were used for the final data analysis. Descriptive analysis mainly

includes gender, grade and one child or more. Table 1 shows the basic information of the
respondents. There are 510 men and 504 women in this survey, accounting for 50.3%
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and 49.7% respectively. There are 325 students in grade seven, 362 students in grade
eight and 327 students in grade nine, accounting for 32.1%, 35.7% and 32.2%
respectively. There are 104 only children (10.3%) and 910 non-only children (89.7%).

Table 1 Demographic information

Variables Items Frequency Percentage (%)

Gender Man 510 50.3
Woman 504 49.7

Grade Grade 7 325 32.1
Grade 8 362 35.7
Grade 9 327 322

One child or more One child 104 10.3
More than one child 910 89.7
Total 1014 100.0

3.2 Descriptive analysis

As can be seen from Table 2, the score of junior high school students' sense of meaning
in life (M=4.93) is slightly higher than the theoretical median of 4 points (7 points),
indicating that junior high school students' sense of meaning in life is at a medium level
as a whole. The average score of family support is 2.07, which is slightly higher than the
middle level of the questionnaire score (the questionnaire adopts 3-point scoring method
and 2 is the middle score), indicating that the overall family support of junior high school

students is at the middle level.
Table 2 Descriptive analysis result

N Min Max Mean . St'
Deviation
MIL 1014 1 7 4.93 1.267
FC 1014 1 3 2.07 .546

Note: MIL: meaning in life, FC: family care
3.3 Analysis of Differences

Independent samples t-test and one-way ANOVA were employed to examine the
differences in the sense of meaning in life among junior high school students across
gender, only-child status, and grade level. Table 3 indicated that there was a significant
difference in the sense of meaning in life between males and females. Males (5.05 +
1.220) scored significantly higher than females (4.80 + 1.302), with a statistical
difference of t = 3.258, p <.05. However, no significant differences were observed for
the variables of only-child status or grade level. Meanwhile, there was a significant
gender difference in family support, with males (2.11 + 0.554) scoring significantly
higher than females (2.03 + 0.537). The statistical difference was t = 2.140, p < .05.
However, no significant difference in family care was found between only children and
non-only children (t = 1.238, p > .05). Table 4 indicated no significant difference in
family care across different grade levels (p > .05).
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Table 3 Independent t-test results

Levene’s Test
for Equality of

Variables  Items Mean  St. Deviation Variances t-test for Equality of Means
F Sig. t df Sig. (two-tail)
MIL Man 5.05 1.220 1.886 0.170 3258 1012 0.001
Woman 4.80 1.302
One child  5.04 1.207 0.641 0.424 0990 1012 0.323
More than 4.91 1.274
one child
FC Man 2.11 0.554 1.613 0.204  2.140 1012 0.033
Woman 2.03 0.537
One child  2.13 0.560 0.439 0.508 1.238 1012 0.216
More than 2.06 0.545
one child

Note: MIL: meaning in life, FC: family care

Table 4 ANOVA
Sum of squares df Mean square F Sig.

MIL Between Groups 2.722 2 1.361 0.848 0.429

Within Groups 1623.501 1011 1.606

Total 1626.223 1013
FC Between Groups 0.301 2 0.150 0.503 0.605

Within Groups 302.232 1011 0.299

Total 302.533 1013

Note: MIL: meaning in life, FC: family care
3.4 Correlation Analysis

This study employed Pearson correlation analysis to examine the strength and direction
of'the relationships between variables. As shown in Table 5, family care was significantly

positively correlated with the sense of meaning in life (r = .336, p <.01).
Table 5 Correlation analysis result

MIL FC
MIL 1 336%*
FC 336%* 1

Note: MIL: meaning in life, FC: family care
3.5 Hypothesis Testing

As shown in Table 6, family care had a significantly positive effect on the sense of

meaning in life (B = 0.743, t = 5.245, p < 0.001), supporting the proposed hypothesis.
Table 6 Hypothesis test result

Beta St.Deviation T value Sig.
FC 0.743 0.142 5.245 <.001
Dependent variable: MIL
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4. Discussion

This study explores the influence of family care on the sense of meaning in life among
junior high school students. It enriches research on the factors affecting the sense of
meaning in life and offers policy recommendations for students, parents, schools, and
relevant policymakers to promote the enhancement of students’ sense of meaning in life.

The results indicate a significant gender difference in meaning in life, which is
consistent with the findings of Li and Ye [18,19]. The higher meaning in life observed
among male students may be related to differences in psychological traits between
genders. For example, females tend to be more emotionally sensitive and susceptible to
mood influences, while males are generally more outgoing and bolder, potentially
making it easier for them to derive meaning from external experiences[20—22].
Additionally, this study found that male students reported significantly higher levels of
family care than female students, aligning with S. Zhang but contrasting with Zhong
[23,24]. The discrepancy in results may stem from the fact that females, being more
attentive to details, are more likely to perceive subtle parental attitudes within the family.
From a social gender perspective, males tend to adopt more external coping strategies
and pay less attention to details, leading to differences in their perception of family care.

This study reveals that family care has a significantly positive impact on meaning
in life, suggesting that higher levels of family care are associated with a stronger meaning
in life among students. This finding aligns with Cheng [17]. Accordingly, positive
communication, interaction, care, and support among family members can enhance
students’ satisfaction with family functioning, foster more positive emotions, and
ultimately help students discover meaning in life.

From the perspectives of family care, this study further affirms the rationale behind
“home-school-community collaborative education”. It also offers practical insights for
educators and practitioners working in related fields to intervene in the mental health
services for adolescents and students. Specifically, the findings suggest that
strengthening family care may serve as an effective pathway for enhancing students'
meaning in life. This approach can contribute to the development of a collaborative
education mechanism involving families, schools, and communities, thereby promoting
the mental health and well-being of adolescents. Ultimately, such efforts may help
students achieve self-identity, seek purpose in life, realize their potential in engaging
with the world, and fulfill their life value.
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Abstract: With the accelerated penetration of artificial intelligence (Al) technology
in the field of education, Al education applications have provided the possibility for
the cross-regional flow of high-quality educational resources and are regarded as an
important tool to narrow the urban-rural digital divide. Starting with concept
definition, this study explores the application differences of Al education between
urban and rural areas and their impact mechanism on the digital divide, based on
data from the 2025 Research Report on the Application of Artificial Intelligence
among Primary and Secondary School Teachers. Using literature review, case study,
and empirical analysis, this paper analyzes the potential mechanism of Al education
applications in narrowing the urban-rural digital divide, discusses the possible
positive effects and new inequality risks, and puts forward targeted policy and
practical suggestions combined with cases, aiming to provide reference for
promoting educational equity and high-quality development.

Keywords: Artificial Intelligence; Educational Application; Urban-Rural Digital
Divide; Educational Equity

1. Introduction

The digital technology revolution has profoundly reshaped the global education system.
As one of the core technologies, artificial intelligence (Al) is driving the transformation
of education models towards personalization and intelligence. However, the problem of
the urban-rural digital divide remains severe: according to the Statistical Report on
Internet Development in China (2023), the internet penetration rate in rural areas (61.9%)
is still lower than that in urban areas (83.1%), and the uneven distribution of high-quality
educational resources has led to the continuous expansion of the digital skills gap
between urban and rural students.[1] The issuance of a series of policy documents
including the Beijing Municipal Work Plan for Promoting Artificial Intelligence
Education in Primary and Secondary Schools (2025-2027) signifies that artificial
intelligence education has evolved from the preliminary pilot stage to full-scale
systematic implementation.

! Corresponding Author, Leqiong Qian. E-mail: 992864 172@qq.com
Derived from the Teaching Reform Project of Xiangnan University: Exploration and Practice of Integrating Red
Culture into University Teacher Education Courses Guided by the "Red Candle Spirit"
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Theoretically, Al can break through the constraints of time and space, delivering high-
quality teaching content to remote areas at low cost, thereby alleviating the traditional
problem of uneven distribution of educational resources. In reality, however, there are
significant differences between urban and rural areas in terms of hardware facilities,
network coverage, teacher quality, and students' family digital access capabilities. The
reality of unbalanced regional development has exposed Al education applications to the
risk of "imbalanced technological empowerment": urban schools have built a full-
scenario application ecosystem of "Al teaching assistants + intelligent learning partners
+ smart classrooms", while rural schools are generally plagued by basic problems such
as lack of equipment, unstable networks, and insufficient teachers.[2]

2. Related Research
2.1 The Evolution of the Connotation of the Digital Divide

Research on the digital divide began in the 1990s, initially focusing on the "access
gap"—the disparity in access to information technology among different groups. With
the popularization of technology, scholars have gradually realized the multidimensional
nature of the digital divide: Norris proposed a dichotomy of "access divide" and "use
divide";[3] VanDijk further expanded it into four dimensions: "access, skills, usage, and
outcomes".[4] Scholar van Dijk put forward the "use gap" and "capability gap",
emphasizing the differentiated impact of digital skills.[S] The core of the urban-rural
digital divide lies in the fairness of access to educational resources, and Al education
applications may reshape this pattern by changing the way resources are allocated. In the
field of education, the digital divide manifests systematic gaps between urban and rural
learners in terms of access to digital infrastructure, digital literacy levels, and
technological application effects, which can be specifically summarized into three core
dimensions: access divide, literacy divide, and outcome divide.[6]

2.2 The Empowering Effect of Al Education Applications

Al education applications refer to systems and tools that provide intelligent support for
teaching, learning, assessment, management, and other links based on technologies such
as machine learning, natural language processing, and computer vision, such as
intelligent question banks, personalized learning recommendations, voice interactive
Q&A, and learning behavior analysis.

Existing research generally believes that Al education applications can promote
educational equity through three aspects: (1) Resource Inclusiveness: Al course
platforms break geographical restrictions, enabling rural students to access high-quality
content; (2) Personalized Learning: Intelligent tutoring systems adapt to students'
cognitive levels and compensate for teacher shortages in rural areas; (3) Teacher Burden
Reduction: Al marking and lesson preparation tools free up teachers' time and improve
teaching quality.

2.3 Controversies and Limitations

At this stage, the academic community has controversies about the potential of Al
education applications to exacerbate inequality in several aspects: (1) Technological
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Barriers: Rural teachers lack Al operation capabilities, leading to idle equipment; (2)
Algorithmic Bias: Al recommended content tends to cater to the interests of urban
students, ignoring the actual needs of rural areas; [7](3) Economic Threshold: The high
cost of Al equipment and maintenance pose affordability challenges for rural schools to
afford.

3. Research Methods
3.1 Literature Research Method

This paper systematically reviews the mainstream literature in the fields of the digital
divide, artificial intelligence education, and educational equity both domestically and
internationally, including policy documents, academic papers, and research reports,
clarify the connotation of core concepts, the context of theoretical evolution, and the
research status, and provide theoretical support for the construction of the research
framework.

3.2 Case Study Method

Select two typical cases for in-depth analysis: one is Beijing (municipal-level
coordinated model), representing the exploration of balanced AI education in
economically developed areas; the other is Yuzhou City (county-level practice model),
representing the implementation of Al education in central and western regions. Through
collecting policy documents, practice reports, media coverage and other materials from
the case areas, a stratified sampling method was employed to select 100 students and 20
teachers across urban-rural, school-stage, and subject dimensions. Questionnaires and
semi-structured interviews on Al education application compiled by the researchers were
used to carry out investigations and interviews. The demographic characteristics of the
participants are detailed in Appendix 1. This study extracts the specific models, effects
and problems of Al education applications and verifies the research hypotheses.

3.3 Comparative Research Method

Conduct a horizontal comparison of the current status of Al education applications in
urban and rural areas from the dimensions of access, literacy, and outcomes, analyze the
gaps and their causes; at the same time, conduct a vertical comparison of the cases of
Beijing and Yuzhou, summarize the practical experience and applicable paths of regions
with different development levels, and provide reference for the formulation of
differentiated policies. In addition, based on the secondary data from the 2025 Research
Report on Artificial Intelligence Application among Primary and Secondary School
Teachers, jointly issued by the Regional Education Professional Committee of the
Chinese Society of Educational Development Strategy and Xuekewang, descriptive
statistics were used to analyze the current situation of urban-rural application. Regression
analysis was conducted based on 120 first-hand survey data to test the research
hypotheses.
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3.4 Research Framework

Based on the dialectical perspective of "technological empowerment - structural
constraints", this study constructs a three-dimensional analytical framework (see Table

1.

Table 1: three-dimensional analytical framework

Access Dimension Literacy Dimension Literacy Dimension
(1) Urban-rural supply (1) Urban-rural gaps in teachers' | (1) Differentiated impacts of Al
differences in hardware and students' Al tool operation | applications on the academic
equipment required for Al capabilities performance of urban and rural
education applications (2) Urban-rural gaps in teachers' | students
2) Urban-rural supply | and students' digital thinking (2) Differentiated impacts of Al
differences in network | (3) Urban-rural gaps in teachers' | applications on the comprehensive
infrastructure and students' ethical cognition quality of urban and rural students
(3) Urban-rural supply (3) Differentiated impacts of Al
differences in software applications on the development
resources Al opportunities of urban and rural
students

4. Research Results
4.1 Urban-Rural Differences of AI Education Applications

Against the backdrop of the accelerated integration of artificial intelligence into
education and teaching, urban and rural schools exhibit significant uneven development
in terms of technology supply, resource allocation, and application capabilities. This
study conducts statistical analysis and comparison of the practical gaps in Al education
applications between urban and rural areas from three key dimensions: hardware
configuration, software resources, and teacher capacity, so as to reveal the prominent
problems and constraints faced by rural areas in the implementation of Al education. (see
Table 2).

Table 2: Urban-Rural Differences of Al Education Applications

g?;gi::i?n Urban Data Rural Data Results

Coverage  Rate of o o 32% of Al equipment in rural areas is

Hardware Configuration 89.2% 47.5% idle

Proportion of AT Courses | 38% 12% Urban areas focus on adYanced skills;
rural areas only cover basic content

Teachers' Skill 65.3% 18.7% Rural teachers have concerns about

Proficiency =70 e technological application

Note: Data in the table are secondary data sourced from the 2025 Research Report on Artificial Intelligence
Application among Primary and Secondary School Teachers. The 120 first-hand survey data were used for
qualitative analysis and regression testing. Due to the limited sample size, they cannot support precise
percentage conclusions for large samples.
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(1) Significant Gap in Hardware Configuration: Low Coverage + High Idleness Rate,
Coexistence of Resource Waste and Insufficient Supply

Data shows that the coverage rate of intelligent terminals (such as tablet computers and
Al laboratories) in urban schools reaches 89.2%, while that in rural areas is only 47.5%;
among rural schools, 32% of Al equipment is idle due to unstable networks or lack of
maintenance. Urban students can carry out practical projects such as robot programming
and image recognition through AI laboratories, while rural students' access to Al
equipment is limited to "open class demonstrations", with almost no opportunities for
independent operation in daily teaching. Urban students accumulate operational
experience and innovative thinking through regular use of Al devices, while rural
students only remain at a superficial cognitive level of “having heard of AL” The
technological literacy gap between the two groups begins to at the point of school entry.

(2) Structural Imbalance in Software Resources: Low Proportion + Disconnected
Content, Curriculum Design Detached from Rural Teaching Reality

The proportion of Al courses in urban schools (38%) is much higher than that in rural
areas (12%), and the content tends to focus on "advanced skills" such as programming
and robotics, which are disconnected from rural students' life experiences. For example,
the Al course in a rural primary school only involves "basics of speech recognition",
while urban schools of the same type have launched "Introduction to Machine Learning".
Urban students build programming and data analysis capabilities through advanced Al
courses, gaining advantages in key admissions programs such as innovation bonus points
in the high school entrance examination and university foundational disciplines
enrollment plans; rural students only master basic skills, making it difficult for them to
gain an advantage in future career competitions, which further solidifies the connection
between education and social stratification.

(3) Prominent Shortcomings in Teachers' Capabilities: Weak Capabilities + Outdated
Concepts, Technological Application Remains Superficial

Only 18.7% of rural teachers can proficiently use Al teaching tools, which is much lower
than the 65.3% in urban areas. Interviews reveal that most rural teachers perceive Al as
“operationally complex” and worry about being replaced, resulting in superficial
technology use. Urban teachers skillfully use Al tools to design personalized assignments
and analyze learning data for precision teaching; rural teachers, due to low proficiency,
only use Al equipment as “video players”, leaving the core value of Al education—
cultivating computational thinking and innovative capacity—completely unrealized.

4.2 The Impact Mechanism of Al Education Applications on the Digital Divide
(1) "Resource Balancing Effect": Narrowing the Gap in Content Access

Through surveys of teachers and students in two typical practice regions of Al education,
case analysis shows that rural schools transmit real-time courses from famous urban
schools to rural campuses through "AI synchronous classrooms", increasing the
proportion of rural students accessing high-quality resources from 23% to 68%, and the
average score of digital knowledge tests has increased by 15.2 points.



C. Zhang and L. Qian / Analysis of the Impact of AI Education Applications 715
(2) "Capability Enhancement Effect”: Strengthening Skill Acquisition

To further verify the capability enhancement effect of Al education applications, this
study conducted a regression analysis to examine the heterogeneous impact of Al
application level on digital skills between urban and rural students. The marginal benefit
rural students is significantly higher than that for urban students (see figure 1).

500 _ﬁ =l Rural Students
=g==|Jrban Students
o 400 1 Slope=0.37,
§ p<0.01
= 300
4
(%]
© 2001 Slope=0.08,
S p>0.05
Q 100/
0- T - - r :
0 20 40 60 80 100

Al Education Application Level

Figure 1: Digital Skills of Students in Different Regions

Table 3 Regression Results of Al Education Application on Students’ Digital Skills

Variable Coefficient S.E. t-value p-value
Al Level (Rural Group) 0.37 0.082 4.51 <0.01
Al Level (Urban Group) 0.08 0.065 1.23 >0.05
Control Variables Controlled — — —

R? 0.296 — — —
F-value 18.72 — — <0.01

Regression Equation: DigitalSkill = fo + BixAl_ Level + B2xUrban + BsxControl + ¢
Dependent Variable: DigitalSkill (Students’ digital skills score)

Independent Variable: Al Level (Al education application level)

Control Variables: Gender, school stage, family digital resources, parental education level

Data analysis indicates that for every one-unit increase in the level of Al education
application, the digital skills score of rural students increases by 0.37 points (p<0.01),
while there is no significant effect on urban students ($=0.08, p>0.05). The overall model
fits well (R?>=0.296, F=18.72, p<0.01), confirming that Al yields stronger marginal
empowerment for rural students and that the regression results are valid and reliable.

(3) "Technological Barrier Effect”: Exacerbating the Risk of Marginalization

Some schools in Yuzhou City have seen Al equipment become "decorations" due to the
lack of network support; the digital skills score of students from low-educated families
(parents with junior high school education or below) is 22.5 points lower than that of
students from high-educated families, reflecting the negative impact of "digital
intergenerational transmission".
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5. Discussion and Conclusion
5.1 Discussion

(1) The "Double-Edged Sword" Effect of AI Education Applications

Al is not a panacea: its poverty alleviation effect depends on technological adaptability
and institutional guarantees. Ignoring the actual needs of rural areas (such as network
infrastructure and teacher training) may lead to falling into the "technological utopian
trap".

(2) The Root Cause of Urban-Rural Differences

The urban-rural digital divide is essentially structural inequality: the shortcomings of
rural areas in infrastructure, human capital, and policy support make it difficult for Al
technology to be converted into actual benefits. It is necessary to tilt resources through
"compensatory policies" rather than simply relying on market logic.

(3) Enlightenment from International Experience

India's "Digital India" initiative has trained rural teachers through "AI teaching
assistants", increasing the math scores of rural students by 20%;[8] Kenya has used low-
cost SMS-based Al courses to cover remote areas, proving that a low-cost and localized
technological path is more effective.

5.2 Conclusion

This study draws three core conclusions:

(1) There are three-dimensional gaps in "hardware - software - human resources" in Al
education applications between urban and rural areas, with rural areas at a significant
disadvantage;[9]

(2) Al narrows the digital divide through resource balancing and capability enhancement,
but technological barriers may exacerbate the marginalization of vulnerable groups;[10]
(3) Policy interventions should focus on "capacity building" (such as teacher training)
and ‘"infrastructure" (such as network coverage), rather than simply pursuing
technological accumulation.

In theory, Al education applications have the potential to bridge the urban-rural digital
divide and promote educational equity, but their actual effects are constrained by
multiple factors such as access conditions, digital literacy, algorithmic fairness, and
implementation models. Without supporting policy support and technological
optimization, they may not only fail to narrow the divide but also form new inequalities
in terms of access and use. Therefore, promoting the application of Al in education, it is
essential to adhere to the tripartite collaborative path of "technology — institution —
humanity". focusing on quality and equity while expanding coverage, and truly realizing
that the achievements of educational digitalization benefit every learner in urban and
rural areas.

5.3 Policy Recommendations

(1) Strengthen Infrastructure Construction: Prioritize the deployment of 5G networks and
Al laboratories in rural areas, and reduce equipment usage costs;

(2) Conduct Targeted Teacher Training: Develop "AI + local curriculum" training
modules to improve teachers' technological application capabilities;
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(3) Establish Supervision and Evaluation Mechanisms: Avoid Al algorithmic bias and
regularly evaluate the educational equity effect of technological applications.
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Appendix 1 Brief Demographic Characteristics of Participants

Demographic Characteristics of Student Sample (n=100)

Variable Category Number Percentage (%)
Gend Male 53 53.0
nder
ende Female 47 47.0
Urban School 52 52.0
School Type
Rural School 48 48.0
Primary School 41 41.0
School Stage Junior High School 37 37.0
Senior High School 22 22.0
0 9 9.0
Number of Home | I 28 28.0
Digital Devices 2 36 36.0
3 or more 27 27.0
Primary School or Below 18 18.0
. Junior High School 25 25.0
Highest  Parental - - -
Education Level Senior High School / Secondary Technical | 31 31.0
School
Junior College or Above 26 26.0
Demographic Characteristics of Teacher Sample (n=20)
Variable Category Number Percentage (%)
Male 8 40.0
Gender Female 12 60.0
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Less than 5 years 6 30.0

. . 5-10 years 7 35.0
Teaching Experience

10-20 years 5 25.0

More than 20 years 2 10.0

Chinese 5 25.0

Mathematics 5 25.0

Subject Taught English 4 20.0

Science / Information Technology 3 15.0

Others 3 15.0

Urban School 11 55.0

School Type Rural School 9 450

Al Education Training Attended 7 35.0

Experience Not Attended 13 65.0
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Abstract. The deep development of digital and intelligent technologies provides
technical support for the innovation of reading services in university libraries, and
the inheritance and dissemination of excellent traditional culture have ushered in
an opportunity for digital development. Digital and intelligent technologies can
optimize the work system of libraries in aspects such as resource construction,
service models, and dissemination channels, and to a certain extent alleviate the
practical problems such as scattered resources, monotonous forms, and insufficient
interactivity in the promotion of traditional culture reading. This paper adopts the
methods of literature research, argumentation, and policy analysis, taking
university libraries as the research subject, defining core concepts such as digital
empowerment, excellent traditional culture, and reading promotion, sorting out the
current development status of traditional culture reading promotion in university
libraries, analyzing the internal logic and practical value of the application of
digital technologies, and constructing an optimization path from four dimensions:
resource construction, service innovation, dissemination channels, and guarantee
system. Combined with the current operation status of universities, the priority and
implementation constraints for implementation are clarified. The research finds
that at present, university libraries in the process of intelligent transformation have
problems such as generalized application of concepts, insufficient technical
adaptation, weak privacy ethics, and low degree of resource integration. Based on
this, optimization suggestions are proposed in aspects such as resource integration,
technical adaptation, risk control management, and talent development, with the
aim of providing theoretical references for the digital transformation of traditional

culture reading promotion in university libraries.

Keywords. Digital and Intelligent Empowerment; University Libraries;

Traditional Culture; Reading Promotion; Intelligent Services

1. Introduction

The national cultural digitalization strategy clearly states the promotion of the
digitalization and activation of cultural resources, and the establishment of a sound
public cultural service system based on intelligent technologies. University libraries, as
the core venues for campus culture construction, literature resource preservation, and
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student reading cultivation, undertake important functions of inheriting excellent
traditional culture and enhancing students' humanistic literacy. In the context of
digitalization and intelligence development, the promotion models of traditional
manual services and paper resource displays have become difficult to meet the
contemporary college students' fragmented, diversified, and individualized reading
needs. Intelligent algorithms, big data, artificial intelligence and other technologies
have gradually integrated into the operation processes of libraries, providing technical
support for the integration of library collections, precise reading services, and cultural
scene construction. [1] Promoting the deep integration of culture and technology,
integrating the application of advanced and applicable technologies, and enhancing the
dissemination power, appeal and influence of culture. Under this background,
exploring the optimization path of traditional culture reading promotion in university
libraries from the perspective of digitalization empowerment has practical research
value.

This paper mainly employs the following three research methods: First, the
literature research method. By searching for relevant literature on library intelligence
and traditional culture dissemination both domestically and internationally, and sorting
out the existing research results, a theoretical foundation is established; Second, the
dialectical method. By combining the characteristics of digital and intelligent
technologies with the operation logic of university libraries, the mechanism of
technology empowerment is analyzed; Third, the policy analysis method. Based on the
national policies on cultural digitalization and university cultural construction, the
industry development orientation is clarified.

This article is based on the development trend of digitalization, focuses on the
specialized field of traditional culture reading in universities, combines emerging
technologies such as big data and artificial intelligence, and aligns with the cutting-
edge of industry. At the same time, considering the practical constraints such as limited
university funds, slow technological iteration, and insufficient professional competence
of personnel, it divides and optimizes the implementation priority of measures, and
differs from general countermeasure research, possessing strong adaptability.

2. Core Concepts and Related Theoretical Foundations
2.1 Definition of Core Concepts
2.1.1 Digital Intelligence Empowerment

Digital intelligence empowerment is an enabling model that uses digital intelligence
technologies such as big data, artificial intelligence, and cloud computing as its core. It
relies on the entire process of data collection, storage, analysis, and application to
optimize and restructure the original business processes, resource structures, and
service models of the industry. Unlike the application of a single digital tool, digital
intelligence empowerment places greater emphasis on the deep integration of
technology and business. Under the premise of compliance, it explores data value and
achieves refined services, intelligent management, and resource-intensive development.

(2]
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2.1.2 Reading Promotion in University Libraries

University library reading promotion is a public service activity based on the library's
collection of literature resources, aimed at guiding reading, spreading culture, and
cultivating literacy among students and faculty. Its core objective is to activate the
library's resources, enhance readers' reading intentions, and improve the reading
experience. Unlike public libraries, it places greater emphasis on aligning with the
educational goals of universities and focusing on the coordinated development of
academic and humanistic literacy.

2.1.3 Excellent Traditional Culture

Chinese excellent traditional culture is a collection of ideological concepts, humanistic
spirit, and moral norms accumulated and formed by the Chinese nation during its long-
term development. It encompasses contents such as literary classics, traditional arts,
folk culture, and intangible cultural heritage. In the reading scenarios of universities,
mainly ancient books, cultural works, and traditional art books are used as the main
dissemination carriers.

2.2 Relevant Theoretical Foundations
2.2.1 Reader Service Theory

Reader service theory serves as the fundamental theory for library operations,
emphasizing the core of meeting readers' needs, optimizing resource provision, service
processes, and service environment. In the context of digital and intelligent
empowerment, this theory requires libraries to leverage intelligent technologies to
identify readers' reading preferences, match personalized cultural resources, and
enhance the adaptability of traditional cultural reading services.

2.2.2 Resource Integration Theory

The resource integration theory emphasizes the aggregation, screening, reorganization
and optimization of scattered and fragmented resources to maximize the efficiency of
resource utilization. The traditional cultural resources of university libraries are
scattered and have various formats. By leveraging digital and intelligent technologies,
diverse resources such as printed ancient books, electronic documents, and digital
cultural products can be integrated to build an integrated resource database.

2.2.3 Immersive Communication Theory

Based on multimedia, virtual reality and other technologies, the immersive
communication theory breaks through the limitations of time and space, builds
immersive experience scenarios, and enhances the audience's perception ability. This
theory is applicable to the dissemination of traditional culture and can be implemented
through intelligent scene construction to weaken the boring and obscure reading
stereotypes of traditional culture. [3]
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3. Problems in Promoting Traditional Culture Reading in University Libraries
from the Perspective of Digital Intelligence

3.1 Insufficient Integration of Digital Resources and Obvious Shortcomings in the
Supply System

Currently, most university libraries are still at the initial stage of digitalizing traditional
culture resources. The resources are scattered, standards are inconsistent, and
integration is not deep enough, which makes it difficult to meet the actual needs of
digital intelligence-based reading promotion. On one hand, there is a lack of effective
connection between physical ancient books, special collection resources, and digital
resources in the library collections. The self-built databases and commercial databases
are independent and not interconnected, and users need to switch between different
platforms repeatedly to obtain the required resources, resulting in poor user experience
[4]. On the other hand, the types of resources are relatively single, mainly consisting of
textual classics, and the proportion of audio-visual, multimedia, and interactive
resources that adapt to the reading habits of young students is relatively low, making it
difficult to stimulate students' reading interest [5].

In addition, the metadata indexing of traditional culture resources is relatively
superficial, lacking unified indexing standards and systematic knowledge connections,
and failing to build a complete knowledge network, resulting in low resource retrieval
efficiency and low utilization rate [6]. At the same time, most libraries have insufficient
digitalization efforts for local and school-specific cultural resources, and the resource
supply is highly homogeneous, lacking distinctive high-quality resources that have
their own characteristics, making it difficult to meet the individualized reading needs of
young students [7].

3.2 The application of digital and intelligent technologies is at a relatively shallow
level, and the enabling effect has not been fully realized.

Although most university libraries have introduced digital and intelligent technologies
to carry out traditional culture reading promotion work, the technology application
mostly remains at the basic level of resource digitization and online exhibitions,
lacking depth and breadth, and failing to fully realize the core enabling value of digital
and intelligent technologies. For instance, the application of core technologies such as
big data analysis, user profiling, and intelligent recommendation is insufficient. Most
libraries still cannot achieve personalized and precise push of traditional culture
resources, and the promotion work still has the phenomenon of '"massive
dissemination" [8].

In terms of the application of cutting-edge technologies, the application of VR/AR,
AIGC, and the metaverse is relatively scarce. There are no immersive and interactive
reading experience scenarios, which are difficult to stimulate the enthusiasm of young
students [9]. Some libraries also have a cognitive bias of "emphasizing technology but
neglecting content", investing a large amount of funds in technology procurement and
platform construction, but ignoring the exploration, sorting, and innovation of
traditional culture content, resulting in a serious disconnection between technology and
content, forming a "two-layered" phenomenon, and the cumulative effect of digital and
intelligent technologies has not been effectively demonstrated [10].
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3.3 The service model is still relatively traditional, and the collaborative promotion
mechanism has not yet been established.

Currently, the service model for promoting traditional cultural reading in university
libraries remains rather conventional. It mainly relies on traditional forms such as
offline lectures, book exhibitions, and essay competitions. There is a serious
disconnection between online and offline services, and a fully integrated digital and
intelligent service loop has not been established [11]. From the perspective of the
promotion entities, the reading promotion work in most libraries is mainly undertaken
by a single department of the library, failing to effectively collaborate with relevant
departments such as the student affairs department, the ideological and political
department, the academic affairs department, and the network information center
within the university, nor strengthening cooperation with cultural institutions such as
cultural centers and museums outside the university. The promotion strength is
relatively weak, making it difficult to form a working synergy [12].

At the same time, the cross-border collaboration, resource sharing, and value
creation promotion mechanism has not yet been established. There is a lack of effective
communication, collaboration, and resource integration between libraries and relevant
departments within the university, as well as with cultural institutions outside the
university. This leads to insufficient professionalism of the promotion content, weak
technical support, and limited dissemination scope, making it difficult to achieve large-
scale and high-quality development of traditional cultural reading promotion [13].

3.4 Shortage of Composite Talents, and the Guarantee System Needs Improvement

In the context of digitalization, the implementation of excellent traditional culture
reading promotion work in university libraries requires a team of professionals who
possess comprehensive capabilities in library science, traditional culture, information
technology, and new media operation. However, from the current situation, the staff
teams in university libraries generally face problems such as outdated knowledge
structures and insufficient digitalization skills. Most librarians lack professional
capabilities in ancient book collation, digital technology application, and new media
content creation, making it difficult for them to meet the actual demands of
digitalization-based reading promotion work [10].

Furthermore, some universities do not attach sufficient importance to the
promotion of excellent traditional culture reading, lacking dedicated funding support,
and facing difficulties in promoting the digital transformation of resources, purchasing
technical equipment, platform operation, and event organization [7]. In terms of
assessment and evaluation, most universities still adopt traditional evaluation models,
focusing on superficial indicators such as the number of activities and the number of
participants, which leads to the problem of "emphasizing form over effect". They have
not established an evaluation system centered on the effectiveness of cultural education,
making it difficult to comprehensively measure the actual effectiveness of reading
promotion work and hindering the sustainable development of digitalization-enabled
reading promotion work [14].
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3.5 The privacy risk control system is not complete, and the ethical awareness is weak

Some university intelligent systems have problems with ambiguous data collection
boundaries, and there is a potential risk of excessive collection of users' reading records,
browsing trajectories and other private information. At the same time, there is a lack of
data anonymization, permission control, and algorithm supervision mechanisms, which
leads to security risks such as data leakage and algorithm bias.

4. The Internal Logic of Digital Intelligence Empowering the Promotion of
Traditional Culture Reading in University Libraries

4.1 Technological Logic: Utilizing Intelligent Technologies to Optimize Business
Processes

The university library's collection of outstanding traditional culture resources is
extremely rich. However, due to technical limitations in the past, most of the collection
resources were in a static preservation state, and the phenomenon of "emphasizing
collection but neglecting utilization" was quite common. A large number of precious
resources were left unused, making it difficult for students to access and deeply
understand them, resulting in the failure to fully leverage the dissemination value of
traditional culture resources.

Big data and artificial intelligence technologies can categorize, label, and digitize
the collection resources, simplifying the processes of resource retrieval, organization,
and storage; cloud computing ensures stable storage of massive cultural resources and
reduces hardware operation costs; virtual reality technology builds immersive cultural
scenarios, optimizing the reading experience. Technological empowerment can
simplify manual operation processes and make up for the shortcomings of the
traditional operation model's low efficiency.

By leveraging big data and cloud computing technologies, libraries can achieve
efficient storage, standardized classification, and rapid retrieval of massive traditional
cultural resources, completely changing the previous problems of cumbersome
searching and low utilization efficiency. This enables users to obtain the required
resources conveniently and accurately [14]. Relying on cutting-edge technologies such
as VR/AR/MR and digital twins, ancient academies' scenes, historical life scenes, and
the operation processes of intangible cultural heritage can be precisely restored. The
abstract cultural connotations can be transformed into concrete contents that are visual,
audible, and experiential, effectively enhancing young students' perception and
identification of traditional culture [15]. The application of OCR and Al intelligent
recognition technologies can realize the automatic recognition, punctuation, translation,
and conversion between simplified and traditional Chinese characters of ancient books,
significantly reducing the threshold for reading ancient books and making the long-
dormant ancient books truly "come alive" and enter the study lives of young students
[16].

4.2 Resource Logic: Achieving Intensive Management of Multicultural Resources

Digital and intelligent technologies can break through the storage barriers of paper,
electronic, and audio-visual resources, integrate traditional cultural resources both
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within and outside the school, and build a unified search platform. Through resource
screening, classification annotation, and elimination of invalid and redundant
information, the resource structure is optimized, providing high-quality and systematic
traditional culture reading resources for teachers and students.

One of the core missions of university libraries is to guide young students to
appreciate the charm of Chinese excellent traditional culture, absorb cultural wisdom,
and strengthen cultural confidence through high-quality cultural services and cultural
dissemination. The application of digital and intelligent technologies has provided a
new carrier for the deep integration of traditional culture, ideological and political
education, and general education, further enriching the connotation and form of cultural
education, and strengthening the unique position of libraries in the cultural inheritance
and education system.

By leveraging digital technology, libraries can transform traditional cultural
contents such as poetry, songs, rituals, and intangible cultural heritages into forms that
young students enjoy, such as short videos, H5 pages, and interactive games. This
effectively shortens the distance between traditional culture and young students,
enhancing the affinity and penetration of cultural dissemination [12]. This innovative
dissemination method not only expands the cultural service functions of libraries but
also enables young students to deeply understand the contemporary value of Chinese
excellent traditional culture in a convenient and interesting reading experience, inherit
the Chinese cultural heritage, cultivate cultural literacy, and thereby strengthen cultural
confidence and grow into new era individuals who are capable of taking on the
responsibility of national rejuvenation.

4.3 Service Logic: Optimizing Service Model to Meet User Needs

The traditional reading promotion work often adopts a "one-size-fits-all" mass-oriented
push model, which neglects the differentiated reading needs of young students with
different majors and interests. As a result, the promotion work lacks targetedness and
effectiveness. One of the core advantages of digital intelligence empowerment is to
promote the reading promotion work to shift from a "supply-oriented" approach to a
"demand-oriented" one. By precisely aligning with user needs, the attractiveness and
effectiveness of the promotion work can be enhanced.

By leveraging big data technology, libraries can comprehensively collect various
dimensions of data such as users' borrowing records, search behaviors, interest
preferences, and interaction feedback. Through data mining and analysis, they can
construct precise user cultural reading profiles, clearly understanding the explicit and
potential needs of users [8]. On this basis, intelligent algorithms are used to carry out
personalized resource recommendations, thematic content push, and related reading
guidance, achieving "precise irrigation" of traditional cultural resources and enabling
students of different majors and interests to find resources that meet their own needs
[9]. At the same time, digital and intelligent technologies have further expanded the
service scenarios of reading promotion, establishing an online and offline integrated
and all-media covered service system. Through functions such as intelligent
recommendations, voice guidance, and interactive question answering, they provide
students with round-the-clock and personalized cultural services, effectively enhancing
the appeal and practical effect of the promotion of excellent traditional culture reading
[10].
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5. The Optimization Path for Promoting Traditional Culture Reading in
University Libraries under Digital Intelligence

5.1 Building a Digitalized and Systematic Traditional Culture Resource System
5.1.1 Digital Collection and Integration of Comprehensive Resources

University libraries should first conduct a comprehensive survey of their outstanding
traditional culture resources, understand the quantity and current status of various
resources, and use advanced technologies such as high-definition scanning, 3D
modeling, and audio-video recording to complete the digital conversion of all resources
in a standardized manner, ensuring the quality and completeness of the digital
resources [16]. At the same time, strengthen the integration of purchased databases and
open traditional culture resources from the internet, break down resource barriers, and
achieve interconnection, co-construction, and sharing of various resources [4].
Establish a collaborative construction mechanism between universities and local
cultural institutions, jointly carry out the collection and digitalization of characteristic
traditional culture resources such as local customs, intangible cultural heritage skills,
and oral history, and build a distributed digital resource alliance to achieve
complementary advantages and resource sharing [6].

5.1.2 Knowledge Graph-driven Deep Organization of Resources

Through the construction of a knowledge graph, multi-dimensional correlation retrieval
of traditional cultural resources is achieved, helping users quickly understand the
development context of culture and grasp the relationships between resources,
significantly improving the efficiency of resource retrieval and utilization [14].Through
the construction of a knowledge graph, multi-dimensional correlation retrieval of
traditional cultural resources is achieved, helping users quickly understand the
development context of culture and grasp the relationships between resources,
significantly improving the efficiency of resource retrieval and utilization [14]. A
unified metadata indexing standard is formulated, and various digital resources are
deeply indexed, classified, and organized to build an expandable, interrelated, and
retrievable knowledge resource library, laying a solid foundation for precise services
and personalized recommendations [9]. A unified metadata indexing standard is
formulated, and various digital resources are deeply indexed, classified, and organized
to build an expandable, interrelated, and retrievable knowledge resource library, laying
a solid foundation for precise services and personalized recommendations [9].

5.1.3 Construction of Stratified and Classified Specialized Resource Library Groups

Build targeted thematic resource libraries to enhance the precision of resource supply
[5]. In combination with regional cultural characteristics, deeply explore local
outstanding traditional cultural resources and construct traditional cultural resource
libraries with regional characteristics, creating distinctive brands for resource
promotion [7]. According to the reading needs of students from different disciplines
and different educational stages, build interdisciplinary traditional cultural resource
libraries to achieve precise and distinctive supply of traditional cultural resources and
meet the individualized needs of different groups [13].
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5.2 Deep application of digital and intelligent technologies, innovation of traditional
culture reading experience

5.2.1 Personalized services driven by big data and Al

Build a data warehouse for users' cultural reading behaviors, comprehensively
collecting information such as users' reading history, search preferences, interaction
feedback, and participation records of activities, and using big data analysis techniques
to draw precise user reading profiles, deeply understanding users' reading needs and
interest preferences [8]. Based on the user profiles, using intelligent algorithms to carry
out personalized resource recommendations, thematic content push, and related reading
guidance, ensuring that the pushed content is highly matched with users' needs,
achieving "precise irrigation" of traditional culture resources [9]. Develop Al
intelligent question-answering robots for traditional culture and voice search systems,
integrating core contents such as classic literature knowledge, cultural allusions, and
intangible cultural heritage skills, providing users with 7%24-hour intelligent
consultation and search services, further enhancing the convenience of resource
acquisition [16].

5.2.2 Construction of Immersive and Interactive Experience Scenarios

Actively introduce cutting-edge technologies such as VR/AR/MR, combined with
traditional cultural characteristics, to develop interactive applications such as "Virtual
Courtyard Tour", "Intrusive Immersive Experience of Intangible Cultural Heritage
Skills", and "Reconstruction of Ancient Historical Scenarios", allowing users to
experience the charm of traditional culture in a realistic manner and enhancing the
interest and immersion of the reading experience [15]. Make full use of AIGC
technology, combined with traditional cultural content, to automatically generate
diverse content such as traditional poems, cultural stories, audio books, and short
videos, enriching the expression forms of traditional culture and adapting to the reading
habits of young students [9]. Design game modules such as knowledge challenges,
online check-ins, and interactive quizzes, integrating traditional culture learning into
interesting and interactive activities, effectively enhancing students' participation, sense
of achievement, and retention [12].

5.2.3 Integrated Multi-platform and Multi-channel Communication Matrix

Based on the communication habits and acceptance characteristics of young students, a
multi-platform and multi-channel communication matrix consisting of "library official
website + WeChat official account + video account + Douyin/Bilibili + mini-program"
is constructed. Short videos, animations, live broadcasts, audio books and other
lightweight and fragmented traditional culture content are produced to achieve precise
dissemination and wide coverage of traditional culture [10]. A one-stop mini-
program/APP is developed, integrating core functions such as resource search, online
reading, event registration, interactive community and intelligent recommendation, to
create a convenient and efficient mobile service entrance, enabling students to access
traditional culture resources and related services anytime and anywhere [8]. Promote
the deep integration of online and offline services, and set up QR codes, interactive
large screens and other facilities in offline reading spaces to achieve a service loop of
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"offline experience + online extension", enhancing the continuity and completeness of
services [14].

5.3 Innovative Digitalization Service Model, Expanding Cultural Education Scenarios
5.3.1 Creating an Intelligent Traditional Culture Reading Space

Carry out digitalization renovations on the existing reading spaces in libraries, creating
an intelligent traditional culture reading space that integrates resource display,
immersive experience, discussion and exchange, and learning and research [13].
Reasonably configure intelligent search terminals, VR experience equipment,
interactive touch screens, e-book walls, etc., and set up functional areas such as ancient
book digital reading area, intangible cultural heritage experience area, and cultural
discussion area to meet the diverse reading and experience needs of students [15].
Utilize digital twin technology to build an online virtual reading space mirror image,
achieving interconnection of online and offline spaces and seamless service connection,
further expanding the service boundaries of the reading space [14].

5.3.2 Establish a brand and series-based promotion activity system

In line with campus culture construction and the needs of young students, plan
influential brand promotion activities such as "Chinese Classic Digital Reading
Festival" and "AI Traditional Culture Lecture Hall", to create distinctive and rich in
content reading promotion brands [10]. Integrate the promotion of excellent traditional
culture reading with course ideological education, general education, and campus
cultural festivals, promoting traditional culture to be integrated into the entire process
of education and teaching, achieving the organic combination of cultural education and
knowledge transmission. Establish a long-term operation mechanism for the activities,
regularly carry out regular and series-based promotion activities, and promote the
reading promotion work to transform from "periodic activities" to "regular services",
continuously enhancing the influence of traditional culture dissemination [12].

5.3.3 Establish a value co-creation mechanism involving multiple stakeholders

Establish a collaborative promotion alliance, clearly define the responsibilities and
divisions of each entity, unite the working forces, and promote the high-quality
development of traditional culture reading promotion work [13]. Invite domain experts
to serve as advisors to enhance the professionalism and authority of the promotion
work [16]; collaborate with the school's information technology department to provide
technical support to ensure the smooth progress of digital and intelligent promotion
work [14]; encourage student clubs to participate in activity planning, content
dissemination, and operation management to enhance the targeting and appeal of the
activities [12]. Strengthen cross-border cooperation with off-campus cultural
institutions such as local cultural centers, museums, and heritage protection centers,
jointly hold online exhibitions, academic discussions, practical research and other
activities to achieve resource sharing, complementary advantages, and value co-
creation [7].
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5.4 Improve the guarantee system and promote long-term development of the work
5.4.1 Build a composite digital and intelligent talent team

Establish a regular training mechanism and organize librarians to conduct specialized
training on digital and intelligent technologies, traditional culture, new media operation,
resource indexing, etc. on a regular basis, continuously enhancing the professional
capabilities and comprehensive qualities of the existing librarians [10]. Increase the
intensity of talent recruitment, focusing on attracting professionals in fields such as
humanities and history, computer science, and new media, optimizing the knowledge
structure and professional structure of the librarian team [8]. Form a cross-departmental
working team composed of librarians, ideological and political teachers, technical
experts, and student leaders, clearly defining responsibilities and working
collaboratively to provide talent support for digital and intelligent reading promotion
work [13].

5.4.2 Improve the funding, management and security guarantee mechanisms

Actively seek support from the school's special funds, incorporate the promotion of
digitalized reading into the library's annual budget, and prioritize the smooth progress
of tasks such as resource digitalization conversion, technology equipment procurement,
platform operation, event organization, and personnel training [7]. Incorporate the
promotion of traditional culture reading into the library's annual work plan and
assessment system, clearly define responsibility divisions, and establish a sound
management system to ensure the standardized and regular implementation of the work
[4].

Strictly follow relevant data security laws and regulations, establish a complete
data security and content review mechanism, adhere to the principle of minimal data
collection, only collect necessary de-identified reading data, and prohibit excessive
user profiling. Establish technical measures such as data encryption, permission control,
and content review to prevent user information leakage; optimize algorithm logic to
avoid algorithm bias and ensure the fairness and diversity of cultural resource
promotion. Ensure the political nature, ideological content and security of resources
[17].

5.4.3 Establish an evaluation system centered on educational effectiveness

Abandon the traditional evaluation model that "emphasizes hardware but neglects
actual results" and "focuses on form but neglects content" and establish an evaluation
system centered on the actuality of cultural inheritance, user satisfaction, resource
utilization rate, and educational value [12]. The evaluation indicators should cover
multiple dimensions such as the quality of resource construction, technical application
level, activity participation rate, user satisfaction, and the enhancement of students'
cultural identity, to comprehensively measure the actual effectiveness of reading
promotion work [9]. Use various methods such as big data analysis, questionnaire
surveys, in-depth interviews, and case analysis to conduct systematic evaluation,
forming an "evaluation - feedback - optimization" closed-loop mechanism. Based on
the evaluation results, continuously optimize the promotion strategies and service
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models, and promote the digital and intelligent empowerment of reading promotion
work to continuously improve [10].

6. Conclusion and Future Work

Digital and intelligent technologies have provided new opportunities for the promotion
of traditional culture reading in university libraries. They can improve the
shortcomings of the traditional promotion model in terms of resource integration,
service optimization, and channel expansion. Currently, there are still problems such as
scattered resources, rigid forms, insufficient accuracy, and weak risk control systems in
the promotion of traditional culture reading in university libraries in China. To adapt to
the current development status of universities, libraries should adhere to the principle
of gradual optimization, prioritize the improvement of basic digital resource
construction, and standardize data privacy management; in the medium term, optimize
intelligent push services and expand communication channels; in the long term,
combine with financial conditions to build immersive cultural scenarios. Through
multi-dimensional optimization of resources, services, risk control, and talents,
promote the high-quality development of traditional culture reading promotion and
contribute to the construction of humanistic education in universities.

As the cultural digitalization strategy continues to advance, intelligent
technologies will deeply integrate into the entire process of library operations. In the
future, university libraries should continuously deepen technological integration, taking
into account both the quality of cultural dissemination and data security, and balancing
the development of intelligence with the warmth of humanistic services. Subsequently,
based on on-site research data, comparisons can be made between the construction
differences of universities in different regions and at different levels, and the plans can
be further refined and optimized. At the same time, social cultural institutions can be
linked up to build a collaborative dissemination system both inside and outside the
campus and continuously explore the contemporary educational value of excellent
traditional culture.

This article is a theoretical qualitative study. No empirical work such as field
research or questionnaire interviews has been conducted yet, and there is no
quantitative data to support the research conclusions. Moreover, due to the limitation of
the research scope, the resource differences among different levels and regions of
universities have not been distinguished, and the universality of the research results is
somewhat limited. In the future, combined with the field research data, the optimization
plans for different types of universities can be further refined.
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Abstract. In the context of educational digital transformation, traditional English
oral teaching still faces challenges such as insufficient authentic contexts, limited
interaction, and inadequate personalized support. To address these issues, this paper
proposes an immersive English oral communication system based on Artificial
Intelligence Generated Content (AIGC) and Virtual Reality (VR) technologies for
CEFR A1-C2 learners, and designs a three-stage teaching model covering pre-class,
in-class, and post-class learning processes. The framework aims to reduce the
authenticity gap and psychological burden in oral English learning. Based on
situated cognition theory, the system integrates AIGC-driven content generation,
multi-turn dialogue interaction, learner modeling, dynamic scenario matching, and
a four-dimensional evaluation mechanism to achieve personalized oral training and
continuous feedback. The evaluation model assesses learners in terms of linguistic
accuracy, expression fluency, communicative appropriateness, and learning
initiative. Simulation-based analysis results show that the proposed system achieves
balanced improvements across all four dimensions compared with traditional
teaching approaches, with particularly significant gains in learning initiative and
expression fluency. However, the long-term effectiveness of real classroom
deployment and the quality control of AIGC-generated content still require further
exploration. Overall, the proposed closed-loop mechanism of “Learner Modeling—
Scenario Matching—Dialogue Generation—Evaluation Feedback” provides a scalable
framework for intelligent and personalized language learning systems.

Keywords. Immersive Oral Teaching; AIGC; Situated Cognition; Personalized
Learning; Dynamic Adaptive Language Learning Model; Al-based Language
Learning Model

1. Introduction

Traditional English oral teaching is still largely characterized by teacher-centered and
standardized instructional models, which often fail to address learners’ individual
communication needs and cognitive differences. Although students spend substantial
time participating in formal language courses, many still struggle to apply English
effectively in authentic communicative situations. This mismatch between language
learning and practical application can be regarded as a form of “language learning waste”,
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highlighting the need for more immersive, adaptive, and learner-centered instructional
frameworks. The construction of the AIGC-powered immersive English oral
communication scenario system is based on AIGC and VR technologies. Its purpose is
to create an English oral interaction environment that integrates multiple thematic
scenarios to address current issues in oral teaching, such as an over-emphasis on formal
training, insufficient cultivation of cross-cultural communication skills, and a singular
pedagogical evaluation system. By using Al to generate dialogue contexts that closely
mirror real-life situations—covering themes such as daily communication, cross-cultural
exchange, and academic discussion—the system enables students to naturally integrate
language use with cross-cultural practice during highly realistic interactions. This
facilitates the transformation of language learning from passive knowledge acquisition
toward authentic communicative competence and learner-centered interaction.

2. Current Research Status

The application of artificial intelligence (Al) in the field of language teaching continues
to deepen. Hua and Wang (2023) pointed out that the application of virtual reality (VR)
technology in language learning is showing a continuous growth trend and has significant
effects on improving learning immersion and communicative competence [1]. Moreno
Giménez et al. (2025) further integrated Al with VR to build a real-time interactive
language learning environment, achieving immersive dialogue training [2]. Research by
Lou (2025) indicates that VR environments can effectively enhance learners' linguistic
expression and communicative abilities [3]. Ali Karakas (2023) explored how Al
supports cross-cultural communication and language teaching, transforms teaching
methods, and improves cross-cultural competence, while elaborating on its core
advantages such as personalized feedback, adaptive learning, and connecting language
users [4]. Microsoft’s (2023) VALL-E possesses powerful in-context learning
capabilities, enabling zero-shot, highly natural speech synthesis that retains the speaker's
emotion and acoustic environment [5]. OpenAl (2022) noted that InstructGPT, fine-
tuned based on human feedback, can achieve efficient alignment between language
models and user intent, resulting in more authentic and controllable output [6]. OpenAl
(2020) demonstrated that GPT-3 achieved powerful few-shot learning capabilities by
expanding model scale, completing oral-related tasks such as translation, Q&A, and real-
time reasoning without fine-tuning [7]. MetaGPT encodes human Standard Operating
Procedures (SOPs) into prompt sequences, assigning differentiated roles to agents in a
pipeline mode to decompose complex tasks and achieve collaborative verification, which
significantly improves the coherence and reliability of multi-agent collaboration [8].
Therefore, this study introduces a multidimensional evaluation and feedback mechanism
into the immersive oral teaching framework to promote the coordinated evolution of
learner modeling, scenario adaptation, and dialogue interaction.

3. Design Framework

Addressing the issues of monotonous scenarios, insufficient interaction, and one-sided
evaluation in traditional English oral teaching, this paper constructs a generative
immersive English oral teaching system framework based on AIGC and virtual reality
technology. Supported by situated cognition theory, the framework emphasizes that
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language learning must be achieved through interaction within authentic contexts,
thereby realizing the transformation of linguistic knowledge into practical
communicative competence.

In terms of system design, relying on the content generation capabilities of AIGC
and the immersive environment construction of VR/AR, the system builds oral scenarios
covering diverse themes such as daily exchange, workplace communication, and cross-
cultural interaction, allowing learners to conduct language practice in settings close to
the real environment. Meanwhile, based on the CEFR language proficiency standards,
the system performs dynamic adaptation for learners of different levels. Specifically: the
A1-A2 stages focus on daily communication and campus life; the B1-B2 stages introduce
workplace communication and problem-solving tasks; the C1-C2 stages focus on cross-
cultural and academic contexts, strengthening pragmatic competence and critical
expression. By dynamically adapting to different learner levels, a progressive
advancement from basic communication to complex communicative tasks is achieved.

Regarding the instructional workflow, the system constructs a "pre-class, in-class,
and post-class" three-stage teaching model. In the pre-class stage, the system conducts
learning analytics based on the learner's proficiency level and historical data to generate
personalized preview content, including vocabulary warm-ups, scenario imports, and
task previews, achieving differentiated adaptation at the learning starting point ; in the
in-class stage, learners enter immersive virtual scenarios and engage in multi-turn
dialogue interactions with system-generated characters; the system dynamically adjusts
dialogue difficulty based on the learners' real-time performance and introduces teacher
intervention when necessary, thereby enhancing the authenticity and targeting of the
interaction ; in the post-class stage, the system generates learning feedback based on
interaction process data and provides targeted review and reinforcement training to
promote the consolidation and transfer of learning outcomes. Furthermore, post-class
feedback data are continuously fed back into the scenario resource library and language
knowledge base, enabling dynamic updating and optimization of future interaction tasks
and learning resources. In this way, the framework forms a sustainable closed-loop
improvement mechanism for personalized oral English teaching. This feedback-driven
updating process allows the system to continuously refine scenario difficulty, interaction
strategies, and language resource allocation, thereby supporting sustainable instructional
improvement and adaptive learning optimization.

Three-Stage Teaching Model

Pre-class In-class Post-class

G o @ [ B -

Al-Powered Virtual Scenario Construction Data-Driven Feedback
Personalized Preview Intecactive Communication R e Kl
Learning Analytics Teacher Feedback
e . e g o W g e e e B e
Resource Support Scenario Support Technical Support
& (5 R M - .0
—a = (] am -

Scenaria Language Evaluation & Daily Campus Workplace . VRA&Related | Multi-device
Resources, Knowledge  Guality Conirol  Communication ute Communcation Technologies  Adaptation

ry H 1

] v ¥

Governance & Quality Control

Teacher
2 @

Human

F~y Feedback-driven

—— Teaching process flaw ~=-=% Support flaw -= b Feedback and optimization loap.

Figure 1. Three-Stage Generative Immersive Oral Teaching System Architecture
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This figure presents the overall architecture of the generative immersive English
oral teaching system, which adopts a "top-bottom" dual-layer structural design: the upper
layer is the "pre-class, in-class, and post-class" three-stage teaching workflow, while the
lower layer is a three-tier guarantee system comprising "resource support, scenario
support, and technical support"; the two together constitute a complete teaching closed
loop. To enhance the reliability and scalability of the framework, a governance and
quality control layer is further incorporated, including Al response validation, teacher
intervention, privacy protection, and feedback-driven optimization. Through continuous
evaluation and resource updating, the framework forms a closed-loop improvement
mechanism that supports sustainable instructional optimization and personalized
learning.

In summary, the proposed framework not only enhances the authenticity and
interactivity of oral English learning through immersive scenario construction and
dynamic interaction, but also strengthens instructional reliability and continuous
optimization through governance and quality control mechanisms, providing a scalable
implementation path for intelligent and personalized language teaching.

4. AIGC-based Oral Interaction &Evaluation Model

This paper further constructs an English oral interaction and evaluation model based on
generative artificial intelligence to achieve dynamic matching and optimization between
learners, scenarios, and interaction processes. The model is embedded in the "pre-class,
in-class, and post-class" three-stage teaching workflow. Through the synergistic effects
of learner feature modeling, scenario matching mechanisms, dialogue generation
mechanisms, and multidimensional evaluation mechanisms, it realizes intelligent
support for immersive oral training.

In the pre-class stage, the system first constructs a Learner Model (LM) to
characterize the learner's language proficiency level, interest preferences, and historical
learning behaviors. To facilitate subsequent calculation and matching, learner features
are represented in the form of multidimensional vectors:

LM = {l;,1,,..,1,} (1

Specifically, each dimension corresponds to feature information such as the learner's
vocabulary level, grammar mastery, phonetic performance, and communicative ability.
Through the continuous updating of learning behavior data, the system achieves dynamic
adjustment of the learner model and provides a basis for subsequent scenario
recommendations. The system continuously updates this vector based on learning
behavior data, thereby forming an iteratively optimized learner profile. To address data
governance and privacy concerns, learner feature vectors and interaction records are
anonymized and used only for adaptive learning analysis and dynamic scenario matching.

The system also introduces a Scenario Matching Model (SM) to achieve adaptive
matching between the learner and oral interaction scenarios. Specifically, scenario
features are also represented in vector form S = {s;, s, ..., Sp}, and the training scenario
most suitable for the current learning state is selected by calculating the similarity
between the learner feature vector and the scenario feature vector. This paper utilizes
cosine similarity for measurement:
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When the similarity reaches the set threshold, the system prioritizes recommending
corresponding scenarios, achieving personalized preview and dynamic generation of
classroom tasks.

The system constructs a four-dimensional Evaluation Model (EM), taking
"evaluation as learning" as its core concept, to assess learners' oral communicative
competence from multiple perspectives across four core dimensions. This evaluation is
integrated throughout three stages: pre-class diagnosis, in-class real-time feedback, and
post-class comprehensive evaluation, forming a complete evaluation closed loop. The
evaluation model can be expressed as:

EM = {Accuracy, Fluency, Appropriateness, Initiative} 3)

Within this model, Accuracy assesses the learner's degree of normativity and
precision in pronunciation, grammar, and vocabulary usage. The evaluation of
pronunciation accuracy focuses on phonemic standards, correct stress, and natural
intonation. The assessment of grammatical normativity emphasizes sentence structures
that adhere to rules and the correct use of tense and voice. For vocabulary richness, the
focus is on appropriateness of usage, variety of choice, and alignment with CEFR level
requirements. Expression Fluency evaluates the coherence, smoothness, and
naturalness of the learner's oral delivery. Speech rate assessment focuses on whether the
syllable output rate falls within a normal range. Pause characteristics are evaluated based
on the rationality of pause frequency, the naturalness of pause locations, and the
distinction between cognitive pauses and expressive barriers. Coherence focuses on the
natural flow of discourse and the appropriate use of cohesive devices.
Appropriateness evaluates the decency, fitness, and effectiveness of language use in
specific contexts. This includes whether the language style is adjusted according to the
interlocutor and occasion, and whether appropriate politeness strategies are employed. It
also assesses whether linguistic behavior in specific scenarios conforms to target-
language socio-cultural norms, avoids pragmatic failures, and demonstrates intercultural
awareness. Task completion focuses on whether communicative goals are successfully
met, whether problems in the scenario are effectively resolved, and whether preset
communicative functions are achieved. Finally, Initiativee is used to assess the
learner's proactivity and self-regulation during the learning process. The focus includes
the preference for familiar versus challenging scenarios, the diversity of scenario
distribution, and the active exploration of uncharted communicative domains.

The pre-class diagnostic stage positions the learner's CEFR level through initial
four-dimensional level testing, establishing a competency baseline and outputting an
initial capability profile along with personalized learning path suggestions. The in-class
real-time feedback stage dynamically monitors four-dimensional performance during
situational interaction, providing immediate error prompts and improvement suggestions
to support learners in making real-time adjustments through visualization. The post-class
comprehensive evaluation stage provides a four-dimensional comprehensive score for
unit learning outcomes and analyzes progress trajectories, outputting periodic
competency development reports and subsequent learning suggestions through problem
attribution and reflection on learning behavior. The multidimensional evaluation results
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are further utilized to update learner profiles, optimize scenario recommendation
strategies, and dynamically adjust subsequent interaction tasks, thereby supporting
continuous adaptive improvement throughout the instructional process.

Finally, by constructing a closed-loop mechanism of "Learner Model—Scenario
Matching—Dialogue Generation—Evaluation Feedback," the model's operation is
integrated throughout the entire process of pre-class diagnosis, in-class interaction, and
post-class optimization. When evaluation results fall below the preset standards, the
system automatically adjusts subsequent training tasks; conversely, it progressively
increases task complexity, thereby achieving an adaptive evolution of the learning path.
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Data
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Figure 2. Interaction Mechanism of the AIGC-based Oral Interaction and Evaluation Model

As shown in the figure 2, each model achieves collaborative linkage through data
flow. Behavioral data generated by learners during the pre-class, in-class, and post-class
stages are continuously fed back into the Learner Model to update its feature
representation. Meanwhile, evaluation results act back upon the scenario matching and
dialogue generation modules to dynamically adjust subsequent task difficulty and
interaction strategies. This forms a closed-loop mechanism of "data collection—model
update—task optimization," enabling the adaptive evolution of the learning path.

In summary, the English oral interaction model constructed in this paper does not
operate in isolation; rather, it is deeply embedded within the three-stage teaching
framework. Through multi-model collaboration and dynamic feedback mechanisms, it
achieves the organic integration of instructional workflows and intelligent algorithms.

5. Experimental results

To verify the effectiveness of the constructed generative immersive English oral teaching
system, this paper analyzes its performance in enhancing oral proficiency by combining
system design with typical application scenarios. In this study, a scenario-based
simulation analysis was conducted to preliminarily evaluate the effectiveness of the
proposed AIGC-driven immersive oral teaching framework. The simulation process
focused on comparing traditional oral teaching methods and the proposed immersive
interaction framework under comparable communicative tasks. The experimental setting
included 30 simulation cycles across representative oral communication scenarios,
including daily communication, workplace interaction, and cross-cultural dialogue tasks.
Learner proficiency levels were initialized according to CEFR classifications ranging
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from Al to C2. During the simulation process, dialogue complexity and interaction
difficulty were dynamically adjusted based on learners’performance and interaction
feedback. The simulation analysis mainly relied on the proposed four-dimensional
evaluation framework, including Accuracy, Fluency, Appropriateness, and Initiative.
The interaction logic and scenario configuration process were implemented using
Python-based simulation modules.

6. Conclusion

By combining Generative Al, Large Language Models (LLMs), and relevant intelligent
interaction technologies, the teaching model proposed in this paper achieves dynamic
expansion and continuous optimization upon traditional pedagogical frameworks.
Through the introduction of multidimensional evaluation and feedback mechanisms, the
system can constantly adjust training content and difficulty based on learner performance,
progressively constructing personalized learning paths for different learners to more
effectively meet diverse learning needs. Meanwhile, the integration of immersive
scenarios and intelligent interaction helps reduce the psychological burden on learners
during oral expression, boosting their learning confidence and improving overall
learning outcomes. For educational practitioners and administrators, the proposed
framework provides a potential reference for establishing standardized human-Al
collaborative teaching workflows and intervention protocols for managing AIGC-
generated instructional content. Future research may further explore the long-term
cognitive impact of AIGC-assisted language learning, the scalability of the framework
in multilingual learning environments, and more robust governance mechanisms for
learner data privacy, fairness, and adaptive recommendation.

Overall, the proposed framework not only extends the application boundaries of
AIGC and immersive technologies in oral English teaching, but also provides a scalable
and continuously optimizable implementation path for the digital transformation of
language education, offering a measurable roadmap toward intelligent and personalized
language learning systems aligned with global language competency standards.
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Abstract. Objective: The evolving landscape of science and technology imposes
greater complexity on clinical nursing, making it imperative to develop innovative
nursing professionals. Aligned with this national educational priority in China, our
research aims to evaluate how the ADDIE model, when implemented in a blended
online-offline teaching context, can improve the innovative competence of nursing
students. Methods: The study recruited 225 undergraduate nursing students from
the 2023 intake. The ADDIE model was applied to structure the course content
and delivery for clinical nursing innovation skills. Pre- and post-implementation
evaluations were conducted to measure changes in students' innovative ability,
self-directed learning ability, and overall satisfaction with the teaching approach.
Data were analyzed using paired t-tests and descriptive statistics. Results: The in-
tervention yielded significant improvements in students' innovative ability and
self-directed learning ability, with the differences being statistically significant (P
< 0.05). The teaching model also achieved a 91% satisfaction rate among students.
Conclusion: The integration of the ADDIE model into a blended learning envi-
ronment successfully promotes the development of innovation skills and
self-directed learning capabilities in nursing education. The high level of student
satisfaction underscores the model's practicality and potential for wider adaptation
across other academic domains.

Keywords. ADDIE model, Blended online and oftline teaching, Innovative ability,
Self-directed learning ability, Nursing students

1. Introduction

On January 31, 2024, during the 11th group study session of the 20th Central Politburo,
General Secretary Xi Jinping emphasized that developing new, high-quality productive
forces is an inherent requirement and a key focus for promoting high-quality develop-
ment [1]. New quality productive forces are innovation-led, with innovative ability
serving as the fundamental support and core element for their development [2]. Culti-
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vating innovative ability necessitates fully leveraging the foundational role of higher
education in talent development to enhance the quality of talent cultivation [3]. The
National Nursing Development Plan (2021-2025) emphasizes the need to adhere to
reform, innovation, and development to adapt to the new situations and requirements
facing the development of the nursing profession. It points out that the demand from all
sectors of society for nursing talents extends beyond clinically competent professionals
to innovative nursing talents possessing innovative ability [4]. With the rapid ad-
vancement of the healthcare industry and increasing public health expectations, clinical
scenarios have become more complex, posing new challenges to nursing practice.
Consequently, cultivating high-quality nursing professionals with the ability to inno-
vate has become a key objective of nursing education in China [5]. Innovation ability
refers to an individual’s capacity to use existing knowledge and experience, and
through divergent and critical thinking, generate novel, unique, and valuable ideas or
solutions. It plays a vital role in promoting technological progress and social develop-
ment [6]. However, the current innovative ability of undergraduate nursing students is
only at a moderate level [7]. Enhancing the innovative ability of nursing students rep-
resents a further societal demand for nursing talent cultivation in the context of new
quality, productive forces.

The ADDIE model comprises five stages: analysis, design, development, imple-
mentation, and evaluation [8]. These stages are closely interconnected and aim to
achieve specific behavioral changes and learning outcomes. The entire process empha-
sizes the design of educational programs, centers on student-centered learning, prompts
course designers to establish more systematic and effective educational systems, and
provides a framework for continuous improvement [9]. Ultimately, this places the en-
tire educational endeavor within a “continuous improvement cycle.” Di Hengdan et al.
[10] applied the ADDIE model to the training of nurses’ scientific research capabilities.
Their results demonstrated that the model enhanced training satisfaction, improved
research competence, and stimulated innovative engagement among nurses. Zhang
Juan et al. [11] employed the ADDIE model combined with a flipped classroom ap-
proach to train neurology resident physicians, leading to an improvement in their
self-directed learning ability. Supporting this finding, research by Shi Xiaoyan [12]
demonstrates that the ADDIE model improves engagement, proactiveness, and clinical
thinking among junior nurses during on-the-job training. This evidence further con-
firms the model's efficacy in enhancing students' innovation capabilities. The Surgical
Nursing course at our institution is a provincial-level online-offline hybrid first-class
undergraduate course in Hunan Province, providing the prerequisite conditions for im-
plementing the ADDIE teaching model. This study investigates the introduction of the
ADDIE teaching model into the Surgical Nursing course instruction, involving the re-
structuring of teaching content, to explore its impact on the innovative ability and
self-directed learning ability of undergraduate nursing students. The details are reported
as follows.

2. Subjects and Methods
2.1 General Information

This study employed convenience sampling and recruited five classes of undergraduate
nursing students enrolled in 2023 as participants. Among them, 178 were female
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(79.1%), and 47 were male (20.9%). The age range was 18 to 21 years, with a mean
age of 19.64 + 0.81 years.

2.2 Methods

A self-controlled study design was employed to analyze changes in students' innovative
ability and self-directed learning ability before and after the course. The ADDIE model
was implemented based on the Superstar Online Learning Platform, utilizing a blended
teaching approach. The specific implementation process is described as follows.

2.2.1 Analysis Phase

During the analysis phase, the focus regarding students was on their current status of
innovative ability and self-directed learning ability to establish a baseline. All enrolled
students belonged to the "post-00 generation" and exhibited strong curiosity about new
things and technologies. Utilizing common materials from daily life to create innova-
tive nursing tools could satisfy their desire for new knowledge and techniques while
reducing apprehension about enhancing their innovative ability. The blended learning
approach could also alleviate issues such as the heavy course load of specialized sub-
jects and limited in-class learning time.

2.2.2 Design Phase

To cultivate students' innovative ability and self-directed learning ability, instructors
needed to integrate teaching content based on typical clinical cases, practical clinical
nursing innovation tips, and cutting-edge disciplinary knowledge into their instruction-
al design to enhance learning initiative. A teaching team comprising seven members
was formed, including one Professor, two Associate Professors, one Associate Chief
Nurse, two Lecturers, and one Nurse-in-Charge. Taking the chapter on nursing care for
patients with musculoskeletal disorders as an example, the teaching content was de-
signed by constructing innovative knowledge points based on real clinical cases. The
teaching team was divided into a clinical subgroup and a teaching subgroup. The clini-
cal subgroup collected innovative knowledge points based on problems identified in
clinical practice. The teaching subgroup integrated these clinical problems into class-
room teaching in the form of cases, aiming to open students' thinking and guide them in
establishing an innovative mindset for problem-solving.

2.2.3 Development Phase

Within the nursing care for patients with musculoskeletal disorders, fractures at various
sites are common clinical conditions. Fracture patients often experience swelling due to
soft tissue injury. Ice application is a common early management strategy, but clinical
ice application faces issues such as poor fixation due to displacement. Seizing this
problem as an opportunity, an innovative ice pack fixation method was proposed and
published on the Superstar Learning Platform, guiding students to propose solutions to
this problem.
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2.2.4 Implementation Phase

The ADDIE instructional design model was applied through the Superstar Online
Learning Platform to structure a teaching activity centered on clinical innovation. A
practical issue—the ineffective fixation of traditional ice packs in fracture pa-
tients—was selected as the instructional case.

(1) Prior to the class, a learning task was assigned via the platform, outlining the short-
comings of conventional cryotherapy fixation methods. Students were directed to ex-
amine provided literature and patent documents on the platform and to propose prelim-
inary solutions. This pre-class phase also served to assess the students’ baseline capac-
ity for innovative thinking.

(2) During the course implementation, instructional strategies were informed by
pre-class surveys measuring students’ innovation competence and self-directed learning
ability. Within the theoretical instruction segment, an ice pack constructed from
common clinical materials—such as tarpaulin, buttons, and elastic bands—was intro-
duced as a case example. This improvised device demonstrated both improved fit to the
injured area and enhanced patient comfort. Through this case, students were guided to
recognize that refining everyday clinical tools constitutes a viable form of innovation.
The discussion also included the possibility of patent application for such improve-
ments, aiming to mitigate student apprehension regarding the innovation process.

(3) Following the class, in addition to completing conventional theoretical assignments,
students were required to review cutting-edge disciplinary literature—for instance, on
the application of 3D printing technology in fracture internal fixation—and propose
further clinically applicable cases leveraging relevant technical advances.

2.2.5 Evaluation Phase

Students' innovative ability, self-directed learning ability, and satisfaction with this
teaching model were assessed before and after the course implementation. Innovative
Ability: Evaluated using the scale developed by Wang Huixin [13]. This scale consists
of 17 items across four dimensions: imagination, critical thinking ability, knowledge
application ability, and problem-solving ability. It employs a 4-point Likert scale (1 =
Completely Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, 4 = Completely
Agree), with a total score ranging from 17 to 68. Higher scores indicate stronger inno-
vative learning ability. The Cronbach's a coefficient for this scale was 0.731, and the
KMO value was 0.861. Self-Directed Learning Ability: Evaluated using the scale de-
veloped by Lin Yi [14]. This scale comprises 28 items across three dimensions:
self-management ability (10 items), information acquisition ability (11 items), and
learning collaboration ability (7 items). It employs a 5-point Likert scale (1 = Com-
pletely Disagree to 5 = Completely Agree), with a total score ranging from 28 to 140.
Higher scores indicate stronger self-directed learning ability. The Cronbach's o coeffi-
cient for this scale was 0.86, the split-half reliability was 0.77, and the correlation coef-
ficients between each dimension and the total scale ranged from 0.799 to 0.857.
Teaching Model Satisfaction: Assessed using a 4-point rating scale: 4 = "Very Satis-
fied", 3 = "Satisfied", 2 = "Dissatisfied", 1 = "Very Dissatisfied".
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2.3 Statistical Analysis

Statistical analysis was performed using SPSS 22.0 software. Measurement data that
met or approximated a normal distribution were presented as mean + standard deviation
(X £ s). Comparisons of measurement data between groups were conducted using the
t-test. A P-value < 0.05 was considered statistically significant.

3. Results
3.1 Student Satisfaction with the Course

A total of 225 students were surveyed. Among them, 150 students (66.7%) were very
satisfied with this teaching model, 55 students (24.4%) were satisfied, and 20 students
(8.9%) were dissatisfied (including those who were very dissatisfied). The primary
reason cited was that this teaching model occupied excessive after-class time.

3.2 Comparison of Students' Innovative Ability Before and After Course
Implementation

According to the results of the paired samples t-test, students' total innovative ability
score (47.55 £ 8.15), critical thinking ability score (13.79 + 2.81), and problem-solving
ability score (11.60 £ 2.16) showed improvement after the intervention, with statisti-
cally significant differences (p < 0.05). No statistically significant differences were
found in the scores for imagination and knowledge application ability (p > 0.05). See
Table 1.

Table 1 Comparison of Students' Innovative Ability Before and After Intervention (n=225)

Variable Group Mean + SD t p

Pre-test 45.55+7.08 2.84 0.005
Total Innovative Ability

Post-test 47.55+8.15

Pre-test 13.10 £ 2.45 1.92 0.056

Imagination

Post-test 13.54 £ 2.46

Pre-test 13.08 +2.47 2.92 0.004
Critical Thinking Ability

Post-test 13.79 £2.81

Pre-test 835+ 1.55 1.74 0.083

Knowledge Application Ability

Post-test 8.62+1.82

Pre-test 11.02+1.84 3.05 0.003
Problem-Solving Ability

Post-test 11.60 +2.16

3.3 Comparison of Students' Self-Directed Learning Ability Before and After Course
Implementation

According to the results of the paired samples t-test, students' total self-directed learn-
ing ability score (90.41 + 11.07), learning collaboration ability score (22.40 + 3.23),
information acquisition ability score (36.07 £ 5.55), and self-management ability score
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(31.94 £ 5.10) all showed improvement after the intervention, with statistically signifi-
cant differences (p < 0.05). See Table 2.

Table 2 Comparison of Students' Self-Directed Learning Ability Before and After Intervention (n=225)

Variable Group Mean = SD t p
Pre-test 87.78 £10.87 2.55 0.011
Total Self-Directed Learning Ability

Post-test 90.41 £ 11.07

Pre-test 21.78 +£3.19 1.99 0.048
Learning Collaboration Ability

Post-test 22.40+3.23

Pre-test 3491 +3.55 2.36 0.019
Information Acquisition Ability

Post-test 36.07 £5.55

Pre-test 31.08 +4.00 2.32 0.021

Self-Management Ability
Post-test 31.94+£5.10

4. Discussion

The ADDIE model, as a classical training framework, has been preliminarily applied in
the field of nursing in China and has achieved favorable outcomes [15]. The application
of the ADDIE model can improve the quality and efficiency of curriculum development,
enhance students' innovative ability and self-directed learning ability, promote educa-
tional development, and elevate teaching quality [16-19].

4.1 The ADDIE Teaching Model Can Enhance Students' Innovative Ability

The results of this study indicate that after implementing the ADDIE teaching model,
nursing students' total innovative ability score, critical thinking ability score, and prob-
lem-solving ability score improved significantly. However, no significant improvement
was observed in imagination and knowledge application ability scores, consistent with
the findings of Xiang Qiu et al. [20]. The reason may be that integrating practical clin-
ical nursing innovation skills into solving common clinical nursing problems during
this course enhanced students' critical thinking and problem-solving abilities. These
innovative techniques could be implemented using common materials from daily life,
and developing such innovative nursing tools could lead to applications for utility
model patents, thereby boosting students' innovative ability. The limited improvement
in students' imagination and knowledge application may be attributed to their lack of
clinical practice experience. Since their learning is primarily based on teacher-provided
clinical cases without real-world exposure, they often struggle to establish meaningful
connections between theoretical knowledge and actual clinical practice. To address this,
future courses could incorporate real clinical nursing tools into the classroom, enhanc-
ing students' contextual understanding and thereby fostering their imaginative and ap-
plicative abilities.
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4.2 The ADDIE Teaching Model Can Enhance Students' Self-Directed Learning Ability

Self-directed learning ability is a crucial competency that nursing students must acquire
during their undergraduate studies, and its level has become an important criterion for
evaluating the quality of higher medical education [21-22]. Traditional teaching models
often result in low student engagement. In this study, the scores for all dimensions of
self-directed learning ability and the total score were significantly higher after the AD-
DIE teaching model intervention compared to before (all P<0.05), aligning with the
results of studies by Shi Xiaoyan [12] and Li Xiaomang [23]. Integrating the ADDIE
model into blended (online-offline hybrid) learning in this course, restructuring teach-
ing content, and incorporating clinical nursing innovation techniques required students
to consult relevant literature and patent application information during their learning
process. Consequently, their information acquisition ability improved. Furthermore, the
process of reviewing cutting-edge disciplinary literature involved teamwork among
students and effective management of extracurricular time for self-study, leading to
enhancements in their learning, collaboration, and self-management abilities.

4.3 Most Students Were Satisfied with the ADDIE Teaching Model

The results of this study show that 91.0% of students were satisfied with the integration
of the ADDIE teaching model into the blended Surgical Nursing course. This high sat-
isfaction rate may be related to the model's emphasis during the analysis phase on un-
derstanding students' learning situations, enabling targeted teaching implementation.
Additionally, the clinical nursing innovation skills integrated into the course were easi-
ly comprehensible teaching content, contributing to high student acceptance.

5. Research Limitations

This study is subject to several limitations. First, it adopted a quantitative research de-
sign without incorporating qualitative methods. Consequently, the findings lack trian-
gulation through mixed-method data, which could have provided deeper insights into
the underlying reasons for the improvement in students' innovation capabilities. Fur-
thermore, in the teaching implementation process, to ensure instructional consistency
and facilitate sampling, all students in the grade were selected for intervention, without
designating a specific class as the intervention group. Although the sample size met
statistical requirements, this sampling approach may affect the generalization of the
results.

6. Conclusion

In conclusion, implementing the ADDIE teaching model based on the Superstar Online
Learning Platform and integrating clinical nursing innovation skills into classroom
teaching can enhance nursing students' innovative ability and self-directed learning
ability. Students reported high satisfaction with this teaching model. This approach
could be promoted in other nursing professional courses in the future. Future work
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should explore its transferability to other medical specialties, assessing its influence on
critical thinking and career competence to determine its long-term effectiveness.
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Abstract. This study takes Li Ziqi’s dissemination of intangible cultural heritage as
a case. By analyzing A longitudinal analysis of Li Ziqi’s cross-platform data
(Douyin, Weibo, YouTube; 2016-2025) demonstrates that she embeds intangible
cultural heritage into the temporal rhythms of daily life through process
transparency and systematic life-oriented narration. This approach constructs an
educational communication model characterized by emotional resonance and
cognitive depth, effectively promoting a shift in the audience from viewing to
understanding, and from recognition to identification. The model offers significant
insights for the living heritage of intangible cultural heritage in the digital age.
Consequently, this research provides a paradigmatic case for integrating intangible
cultural heritage into modern digital life, offering critical implications for future
heritage communication practices.

Keywords. Intangible Cultural Heritage, Li Ziqi, Educational Function, Full process
presentation, Life oriented narrative

1. Introduction

In the era of new media communication, traffic has become an important indicator for
measuring the effectiveness of cultural content dissemination. How to effectively guide
traffic attention and create new development opportunities for intangible cultural
heritage (hereinafter referred to as 'intangible cultural heritage") through its
dissemination power is one of the important issues facing the inheritance of intangible
cultural heritage at present [1]. In 2021, the General Office of the Communist Party of
China Central Committee and the General Office of the State Council issued the
"Opinions on Further Strengthening the Protection of Intangible Cultural Heritage",
which clearly stated the need to "adapt to the trend of deep media integration" and that
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"the content of intangible cultural heritage runs through the entire process of national
education", pointing out the direction for contemporary dissemination of intangible
cultural heritage. Exploring how intangible cultural heritage content can shift from
simple "traffic attraction" to sustainable "educational empowerment" has important
theoretical value and practical significance [2].

Among numerous intangible cultural heritage dissemination practices, Li Ziqi's
account operation provides a case worthy of in-depth analysis [3]. After the revision, its
content not only attracted widespread attention domestically, but also demonstrated
strong cultural influence on international platforms, reflecting the transformation from
"traffic harvesting" to "value cultivation". This article focuses on exploring how
intangible cultural heritage accounts can fulfill users' deep needs, tap into traditional
cultural values, achieve educational functions and live inheritance, and explore
sustainable content development paths [4].

2. The data performance and educational potential of Li Ziqi's account operation
2.1. Research Methods and Data

To ensure methodological rigor and transparency, this study adopted a systematic
procedure for data acquisition and analysis. Publicly accessible data were collected and
synthesized via official application programming interfaces (APIs) or validated
third-party analytics platforms—exemplified by Social Blade—encompassing both
TikTok (Douyin) and YouTube. For TikTok, the dataset spans from January 1,2023, to
May 31, 2025, with analytical emphasis placed on two delineated phases: the pre-return
interval (extending up to November 2024) and the post-return interval (May 2025).
YouTube data have been continuously monitored since the channel’s establishment in
August 2017, and a focused examination was conducted on the temporal window
immediately preceding and following the comeback event in November 2024. This
temporal segmentation enables a comparative assessment of audience response patterns
across distinct stages of the creator’s online presence, thereby enhancing the
interpretability of engagement trends.

The investigation was anchored in a predefined set of key performance indicators
(KPIs): for TikTok, these encompass followers (cumulative total), total likes, number of
published works (videos), and the arithmetic mean of average likes, comments, and
shares per video; for YouTube, the KPIs comprise subscribers (cumulative total),
subscriber growth rate (computed as the net increase during specified periods), and total
views (cumulative channel aggregate). By grounding empirical findings in verifiable,
temporally bounded, and platform-specific evidence, this structured framework supports
robust analyses of audience engagement patterns and dissemination dynamics, ensuring
that observed variations in metrics can be reliably attributed to the examined temporal
and contextual factors.

2.2. Comparative analysis of data from domestic and foreign platforms
Taking the TikTok platform as an example, take the number of fans, likes, works,

average likes, average comments, and average sharing as the horizontal axis, and take
the two time periods before and after the return (as of November 2024) and after the
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return (as of May 2025) as the vertical axis, establish a table for data analysis, as shown
in Table 1 and Figure 1.

Table 1. Comparison of Key Engagement Metrics on TikTok Before and After Li Ziqi’s Return

Number of Number of Number of  Number of Number of Number of
Indicator Fans Likes Works Likes per Video Comments per  Shares per
Received Average Average Video Average Video
Before Return (as e o 1.8million per 60.000 per 150,000 per
of November 2024) 53 million + 230 million + 127 video video video
After Return (as of s - 2.05 million per 70.000 per 160,000 per
May 2025) 60 million + 260 million + 130 video video video
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Figure 1. Trends in Average Engagement Metrics on Li Ziqi’s TikTok Account Before and After Her Return

It can be seen from Table 1 and Figure 1 that after the return of Li Ziqi's account,
the number of fans on the TikTok platform has increased by nearly 7 million, the number
of likes has increased by nearly 30 million, the number of works has been updated by 3,
the average number of likes has increased by 250000/video, the average number of
comments has increased by 10000/video, and the average number of shares has increased
by 10000/video. In general, the data shows an upward trend, and the continuous
improvement of various indicators shows a very high popularity curve. Moreover,
according to the traffic forecast of the TikTok platform, the data of Li Ziqi's account will
continue to grow after May 2025.

Taking the YouTube platform as an example, with subscription volume,
subscription growth rate, and total views as the horizontal axis, and before regression (as
of November 2024) and after regression (as of May 2025) as the vertical axis, a table is
established for data analysis, as shown in Table 2.

Table 2. Subscriber and View Metrics: Pre- and Post-Return Analysis

Time Period Subscription Subscription Growth Rate Total Play
Volume Volume
Before The channel released its first video in August 2017 and
Return (as of 19 million + had over 11.4 million subscribers by July 2020. The Reached 1.345
November subscriber count rose to 14.1 million by February 2021 billion times
2024) and further increased to 17.7 million by October 2023.
The channel released its first video in August 2017. By  The three return
After Return July 2020—within three years—it had surpassed 11.4 videos after the
(asof May 20 million+ million subscribers. The subscriber count grew to 14.1 comeback had
2025) million by February 2021 and further increased to 17.7  over 500 million

million by October 2023. During this period, the plays within three
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channel accumulated over 1.345 billion total views. days, and the first
Following a hiatus, the creator returned in November  video Ziqi Donglai
2024. Within just three days of the comeback, the exceeded 100
channel gained 200,000 new subscribers, with a single- million plays
day peak increase of 750,000. As of May 2025, the alone.

total number of subscribers exceeded 20 million.

According to Table 2, after the return of Li Ziqi's account, the subscription volume
on the YouTube platform increased by over 1 million people, with a considerable growth
rate in subscription volume, and the total playback volume set a new record.

Li Ziqi's account operation has a huge fan base on both domestic and international
platforms, and various data shows an upward trend, with traffic potential still to be
explored. Especially after her return, her account has clearly been favored by more
groups, and the interaction volume has continued to grow, constantly attracting public
attention and discussion. Compared to before her return, there may be more development
opportunities now.

It should be noted that the data in this study is time limited as of May 2025, and any
subsequent changes in account operation data may affect the applicability of the
conclusions.

With the evolution of user aesthetic preferences, if Li Ziqi’s video creation content
continues to adhere to the existing narrative framework over the long term, it may trigger
"aesthetic fatigue" among netizens. Moreover, if the demonstration of intangible cultural
heritage craftsmanship fails to continuously expand innovative dimensions, it is prone to
falling into the predicament of "content homogenization"—for instance, repeatedly
presenting similar life scenes and craftsmanship processes. It is necessary to be vigilant
against potential challenges such as a slowdown in traffic growth and the loss of young
users. This reserves room for reflection and optimization to ensure the long-term
operation of the intellectual property and the sustainability of intangible cultural heritage
dissemination.

2.3. The Educational Value Behind the Traffic

High mutual momentum reflects users' active willingness to learn about intangible
cultural heritage content. Li Ziqi has returned to TikTok for three years, and the video
comment area of his comeback is full of fans' welcome and expectation. From the
perspective of user profiles, Generation Z (born between 1995 and 2010) accounts for
over 60%. They grew up in the digital age and have a high acceptance of short videos.
They actively interact in the comment section and often cut video clips for creative
remixing and cultural interpretation. This has led to content such as intangible cultural
heritage technology popularization and traditional life aesthetic insights, demonstrating
their active exploration desire for intangible cultural heritage content [5].

International communication data proves that cultural education can break through
geographical barriers. Most of the videos on Li Ziqi's account have no dialogue and rely
on human movements and environmental sounds (such as bird songs and water currents)
to convey information, breaking down language barriers; Explore cultural resonance
points at home and abroad, focus on "common human emotions" (such as family love,
reverence for nature, etc.), and enable audiences from different cultural backgrounds to
perceive the logic of skills and cultural emotions; And avoid sensitive international topics,
enter the international market in a peaceful and inclusive manner, and promote positive
dissemination.
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3. The path to realizing the educational function of intangible cultural heritage
"internet celebrities"

3.1. The core dimensions of educational function

Table 3. Distribution of Core Educational Dimensions in Intangible Cultural Heritage Communication

Three

. . Explanation Proportion
Dimensions
Emotional Give back to intangible cultural heritage protection through o
. . . . . 35.8%
Resonance commercial transformation and establish emotional connection
Know].edge Visual narrative of the whole process 32.2%
Transmission
Behavioral . - . . . . o
Guidance The philosophy of slow life triggers cultural identity 32.0%

The data shown in Table 3 is derived from online surveys and the integration of average
values, presenting the proportion of core dimensions of educational functions: emotional
resonance (35.8%), using commercial feedback to protect intangible cultural heritage,
triggering emotional connections; Knowledge transmission (32.2%) relies on visualizing
technical processes and outputting intangible cultural heritage knowledge; Behavioral
guidance (32.0%) promotes cultural identity practice through the philosophy of slow
living.

3.2. Transparent presentation of the entire process, achieving skill recognition

Li Ziqi used the "full process immersive presentation" strategy to systematically
showcase the complete chain of intangible cultural heritage techniques from raw material
collection, processing to final products, and constructed a highly educational "process as
education" model. She does not shy away from the complexity and time-consuming
nature of her skills, and truthfully records the entire process of lacquer picking, tire
making, lacquer carving, gold pasting, and even repeated remaking due to mistakes,
concretizing the "slow" and "refined" aspects of traditional handicrafts. In terms of video
structure, she adopts a "stepped time allocation" approach, giving longer presentation
time to key technical difficulties and deep cultural connotations (such as lacquer
modulation and hidden flower carving), guiding the audience to focus on core skills; At
the same time, through "micro close ups", details such as paint texture and silk thread
threading are displayed, supplemented by "overall scenes" to restore the production
environment and process rhythm, forming a multi-level visual cognitive system. This
narrative style of "fully transparent process" breaks the public's stereotype of intangible
cultural heritage as "mysterious and unattainable", transforming abstract and static
knowledge into dynamic and traceable practical processes. The audience not only "sees"
the craftsmanship, but also "understands" the process logic and craftsmanship spirit
behind it, achieving a transformation from passive observation to active cognition [6].

This path has completed the visual encoding and emotional transmission of
intangible cultural heritage knowledge through authentic, complete, and detailed
practical records, effectively promoting the cognitive popularization and value
recognition of traditional skills at the public level, and providing a replicable immersive
practice model for intangible cultural heritage education.
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3.3. Life oriented narrative system, constructing cultural identity

Li Ziqi's dissemination of intangible cultural heritage goes beyond the display level of a
single skill, and constructs a complete "intangible cultural heritage ecological education
system" through "life oriented systematic narrative", achieving a deep transformation
from skill transmission to cultural identity generation. She organically integrates
intangible cultural heritage projects into the overall picture of traditional rural life in
China, using the cycle of the four seasons and the 24 solar terms as the timeline,
systematically linking daily work scenes such as spring plowing and sowing, summer
sericulture, autumn harvest and wine making, and winter clothing and food making. In
this narrative framework, Shu brocade is not only a textile technique, but also a life
integration from planting mulberry and sericulture, silk dyeing to pattern design; The
production of ink, brush, paper, and inkstone no longer exists in isolation, but is closely
linked to the cultural traditions of farming, reading, family transmission, and literati
writing. Every intangible cultural heritage technique has become a natural link in the
traditional life chain, presenting a harmonious coexistence of "technique" and "Dao",
"object" and "ritual", and "human" and "nature".

This narrative logic of "life as education" breaks the academic and fragmented mode
of knowledge transmission, and restores cultural inheritance to a tangible, touchable, and
participatory life practice. In the soothing rhythm and poetic imagery, the audience not
only learns specific techniques, but also subtly understands the wisdom of seasonal
changes, the philosophy of making the best use of things, the ethics of respecting heaven
and cherishing things, and the artistic conception of traditional aesthetics. This
contextualized and emotional expression has stimulated cultural resonance and identity
recognition among the audience, prompting them to shift from passive observation to
actively exploring the deep meanings behind seasonal culture, traditional customs, and
even handicrafts. As a result, intangible cultural heritage is no longer just a "heritage"
for viewing, but has become a sustainable way of life and spiritual belonging, truly
achieving the essential goal of dynamic inheritance.

4. Conclusion

The contemporary dissemination of intangible cultural heritage should not stop at the
accumulation of traffic, but should strive for educational empowerment and deep
exploration of cultural values. Li Ziqi's account practice has shown that through the
complementary paths of "full process transparent presentation" and "life oriented
systematic narrative", the systematic transformation of intangible cultural heritage
education functions can be effectively achieved. The former breaks down public
cognitive barriers through authentic and complete technical processes, completing the
visualization and embodiment of knowledge transmission; The latter restores skills to
the traditional context of life, constructing a cultural ecosystem that covers solar terms,
ethics, and aesthetics, and stimulating emotional resonance and identity recognition
among the audience. This dissemination model is from "technique" to "way", from
"observation" to "practice". In the future, the dissemination of intangible cultural heritage
should draw on such practices, pay attention to the systematic, authentic, and
contextualized expression of content, and promote the true living inheritance and global
resonance of traditional culture in the digital age.
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Abstract. The construction of the "Five Gold Standards" (also termed the "Five
Pillars of Excellence") — encompassing Gold Majors, Gold Courses, Gold
Teachers, Gold Bases, Gold Materials,is a crucial measure to promote the
comprehensive reform of vocational education, while digital intelligence
empowerment is the core force driving the modernization of vocational education.
Currently, higher vocational colleges are exploring practices in Digital Intelligence
Empowerment of the 'Five Gold Standards' Initiative actively but still face many
challenges. By constructing a logical chain of "theoretical guidance —
technological empowerment — practical application," this paper clarifies the core
connotation of CBE (Competency-Based Education) theory, identifies the
construction core and implementation keys of the "Five Gold Standards" based on
this theory, proposes a collaborative upgrade path for the "Five Gold Standards"
with digital intelligence as the technological enabler.Taking Guangdong
Polytechnic of Science and Trade as an example, this paper elaborates on the
practical measures taken to empower the "Five Gold Standards" initiative through
digital intelligence, along with their implementation outcomes.

Keywords. "Five Gold Standards" Construction, Digital Intelligence
Empowerment, CBE Theory.

1. Introduction

Vocational education in China is positioned as an independent type of education with
"equal importance" to general education, having transformed from a "supporting role"
in the education system to a mainstay supporting national innovation and industrial
upgrading. "The 'Five Gold Standards' " is a specific Chinese policy framework
initiated by the Ministry of Education. It is also termed the "Five Pillars of Excellence".
In July 2023, Vice Minister of Education Wu Yan stated that for vocational education to
become the "mainstay" in building a powerful education system, the key lies in
systematically advancing the new infrastructure of the "Five Gold Standards"—namely,
forging Gold Majors, Gold Courses, Gold Teachers, Gold Bases, and Gold
Materials—first formally proposing the concept of the "Five Gold Standards" [1].
Furthermore, China's "Plan for Building High-Level Vocational Colleges and Majors
with Chinese Characteristics (2025-2029)" institutionalizes the requirements for "Five
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Gold Standards". It proposes that schools and enterprises "jointly forge the Five Gold
Standards," marking its transition from concept to full-scale implementation. The "Five
Gold Standards" construction is not merely a simple upgrade of internal elements
within vocational education but represents a measure to comprehensively drive
vocational education reform and achieve deep-seated transformation and upgrading of
the education system through the holistic enhancement of key elements spanning the
teaching system.

Vocational education originated from large-scale industrial production and has
continuously developed alongside the process of industrialization. From a historical
perspective, the rise of each industrial revolution has profoundly propelled the
transformation and upgrading of vocational education. Currently, the trend of "digital
intelligence" has been fully integrated into all areas of the economy and society, rapidly
reshaping human production, services, and lifestyles. At this critical historical stage, the
digital transformation of vocational education has become an inevitable trend, with
digital intelligence also becoming the main force driving this transformation.

Digital intelligence can be understood as the integration of digital intelligence and
intelligent digitalization, aiming to establish a deep dialogue and mutual deep learning
between humans and machines. That is, with intelligence as the bond, a new ecosystem
of human-machine integration, intelligent collaboration, and virtual-real
co-construction is formed [2]. Digital intelligence empowerment refers to the deep
integration of data elements with intelligent technology, enabling data to generate a
powerful "fusion" effect based on intelligent technology, releasing the enormous value
of data, and by reconstructing specific system elements and structures, driving the
system to achieve human-Al collaborative value creation [3]. Compared with
informatization and digitalization, digital intelligence, using digital technologies and
artificial intelligence as tools and driven by deep learning and decision optimization,
places greater emphasis on the intelligent analysis, processing and application of data,
and stresses the application value of data in promoting social and economic
development, optimizing industrial structure and reshaping development models [4].
Digital intelligence empowerment not only provides new educational tools and
resources for the education system, optimizing classroom teaching [5-6], and
promoting new teaching methods and educational governance, thereby realizing
teaching model innovation and injecting new momentum into the education system
[7-8]; but also brings opportunities for reshaping educational concepts and
transforming talent cultivation methods, reshaping the talent cultivation paradigm to
achieve a fundamental shift from "knowledge instillation" to "ability generation," and
from "uniform cultivation" to "personalized support" [9], promoting the cultivation of
new-quality talents [3-4], forming a future education form with higher quality, greater
openness, and more flexibility.

Scholars have explored how digital intelligence empowers teaching management,
classroom teaching reform, major construction, campus construction, and talent
cultivation. However, research from a holistic perspective exploring practical pathways
for Digital Intelligence Empowerment of the 'Five Gold Standards' Initiative is still
relatively scarce.This paper will construct a logical chain of '"theoretical
guidance—technological empowerment—practical application," guided by CBE theory,
with digital intelligence as the technological enabler, to develop a collaborative
upgrade path and practical research for the "Five Gold Standards" construction.
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2. Meaning and Core Connotation of CBE Theory
2.1 The Meaning of CBE Theory

CBE, short for "Competency-Based Education," is an educational system and
philosophy that organizes teaching around the comprehensive competencies required
for occupational positions [10]. Specifically, it designs curriculum forms targeting the
knowledge, skills, and attitudes needed for a specific occupation or group of
occupations, starting from a comprehensive analysis of occupational role activities,
based on the principle of providing the competencies required by industry and society
for trainees to perform job duties. It emphasizes the dominant role of students in the
learning process, with its core being how to equip learners with the practical abilities
essential for engaging in a specific occupation [11]. The key to this theory lies in
centering industry and job talent demands throughout the entire educational process. Its
essence is an educational theoretical system that closely integrates market talent
demands with cultivation models.

CBE theory is a globally recognized vocational education concept. It emerged
after World War II in Western countries experiencing rapid economic and technological
development, leading to a surging demand for a workforce with occupational
competencies, while traditional education, detached from industry realities, failed to
meet job requirements. CBE can be said to be a product of industrialized society's
pursuit of efficiency and effectiveness. Since its introduction to China, CBE theory has
been applied to vocational education through localization. In 1984, a monograph
specifically discussing "Competency-Based Vocational Education" was published in
Taiwan, China[12]. In 1995, Deng Zemin published "CBE Theory and Its Practice in
China's Vocational Education," and CBE theory gradually gained practical application
in educational institutions within China's vocational education. Nowadays, vocational
education has a clear positioning with its unique talent cultivation orientation.
Vocational education and teaching have shifted from a knowledge-based to a
competency-based approach. CBE theory has become a theoretical cornerstone
supporting China's vocational education field.

2.2 The Core Connotation of CBE Theory

Under the impact of globalization, the information technology revolution, and the
concept of lifelong learning, CBE theory has also continued to evolve. Mainly in terms
of competency cultivation, it has shifted from "job-specific skills" to "comprehensive
skills" and "core competencies," with changes in the emphasis and scope of
competency requirements to adapt to digital technology reforms and industrial
development. However, CBE theory still maintains its core connotation, which can be
systematically summarized into the following three points:

2.2.1Supporting Personalized and Student-Centered Learning

CBE breaks away from the traditional educational philosophy based on credit hours or
disciplinary knowledge, instead focusing more on achieving specific, predictable, or
measurable competency objectives as the standard. In competency-based education,
different students can have different course content and learning paces. It supports a
student-centered educational philosophy, allowing students to learn at their own pace
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[13], fostering an inclusive learning culture and a flexible, personalized, and
transparent learning environment [14]. The teaching process based on CBE theory
encompasses job demand analysis, quantification of competency objectives,
personalized instructional design, and other stages. Consequently, it emphasizes
student-centered learning more, and the teacher's role transforms from a knowledge
transmitter to a learning architect.

2.2.2 Emphasizing Practical Work Skills and Real Scenarios

The starting point of CBE is a comprehensive analysis of occupational role activities,
with cultivation goals centered on students acquiring the actual job competencies
required for future specific occupations. This requires that "learning content equals
work content." To achieve this goal, CBE typically employs the DACUM (Developing
A Curriculum) course development method, following a process where excellent
industry personnel, rather than solely academic experts, describe and define the
competencies required for occupational positions. Teaching also emphasizes realization
in authentic or simulated work scenarios. CBE focuses on achieving organized
outcomes within a competency framework, using authentic teaching strategies,
workplace-based assessments, and high-quality feedback [15]. The development of the
teaching process is no longer merely "task decomposition," but flexibly combines with
practical application through "creating authentic learning tasks" and "designing
complete work processes."

2.2.3Focusing on Quantified and Process-Oriented Assessment

CBE requires the quantification of vocational competencies, presenting course
objectives as clearly measurable competency tasks and expected outcomes,
emphasizing transparency in teaching implementation effectiveness assessment. Its
implementation key involves competency-based quantified assessment with shared
feedback from both teachers and students [16]. Simultaneously, teaching assessment
focuses not only on the final competency outcomes but also values the process,
providing feedback during the process for continuous teaching adjustment.

3. Trends and Challenges in Digital Intelligence Empowerment of the 'Five Gold

Standards' Initiative

Digitally empowering education involves deeply integrating digital intelligence
technology into the education field, driving educational transformation through
technological innovation to achieve personalized, intelligent, and efficient education. It
is not merely a simple application of technology in education but a shift in educational
philosophy, emphasizing student-centeredness, competency cultivation orientation, and
focusing on students' personalized development and innovation capability cultivation
[9]. From the top-level design for building a powerful education system at the national
level to educational reform practices in various vocational colleges, Digital Intelligence
Empowerment of the 'Five Gold Standards' Initiative in vocational education is
emphasized.

Many colleges are actively conducting digital intelligence exploration and
practice in the "Five Gold Standards" field. In specific practices, many colleges
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commonly adopt a series of reform measures, However, many challenges remain in the
process of Digital Intelligence Empowerment of the 'Five Gold Standards' Initiative:
digital intelligence Initiative has not been systematically promoted, cannot be fully
integrated into the overall development strategy of colleges, and lacks long-term
promotion mechanisms. Training bases still lag behind real enterprise scenarios in areas
such as data processing, process simulation, and digital technology application. Due to
the teachers' lack of ability in integrating and applying, and because they merely
regarded the digitalization of teaching resources as a task for assessment and evaluation
rather than starting from the perspective of "solving actual teaching problems", they
simply made the teaching resources available online and considered this as the
digitalization of teaching. The online teaching resources were merely one-way
transmissions for students to watch, such as "documents or videos", and failed to
achieve a deep integration with the curriculum system and teaching process, effectively
activating and guiding students' two-way interaction. As a result, the digital resources
ended up being merely piles of materials, and students' personalized learning and
ability advancement training were hindered. A normalized school-enterprise
cooperation mechanism has not been formed, making it difficult to keep pace with the
rapid iteration of industrial technology under the digital economy. Teachers lack
motivation to improve digital literacy capabilities, merely staying at simple
applications of classroom information technology. Full-process data-based assessment
of teaching and student competencies has not been achieved.

4. The Practice of Digital Intelligence Empowerment of the 'Five Gold Standards'
Initiative based on CBE Theory

The proposal of the "Five Gold Standards" construction is the most systematic practical
embodiment of CBE theory in the vocational education field [17]. CBE theory provides
the implementation goals and requirements for the "Five Gold Standards" construction,
while digital intelligence empowerment is the key force enabling the realization of
these goals and requirements.

4.1 Construction Core and Implementation Keys of the "Five Gold Standards"

The key to successful CBE theory implementation lies in concretizing the abstract
"competency" content through rigorous analysis, setting standards, reconstructing
resources, and scientific assessment, establishing specific objectives and decomposing
implementation keys, implementing them in every practical aspect of vocational
education, enabling precise matching between educational and industry job
requirements.

Based on CBE theory, the talent cultivation objectives of vocational education
need to fully embody the competency-based educational philosophy, focusing on
cultivating students' occupational competencies and comprehensive qualities required
by actual industry demands and jobs. This also dictates that the educational practice
process needs to break through disciplinary theoretical frameworks and focus on
cultivating students' comprehensive abilities for future positions. Based on the core
connotations of the CBE theory, such as "supporting personalized and student-centered
learning", "emphasizing practical work skills and real scenarios", and "focusing on
quantified and process-oriented assessment", this paper determines the core of the
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"hardware" construction and, on this basis, clarifies the key contents to be implemented.
Details are shown in Table 1.

Table 1. Construction Core and Implementation Keys of the "Five Gold Standards" based on CBE Theory.

"Five Gold . .
Standards" Construction Core based on CBE Theory Implementation Keys

The basis for major establishment and adjustment is  Dynamically identify changes in skill competencies of
Gold Majors  not disciplinary logic but the competency requirements  market occupational groups; achieve precise alignment

of occupational position groups. between competency standards and job demands.
Gold Break the disciplinary system course structure; build a  Courses present observable, measurable competency
Courses modular competency-based curriculum system. performance standards and assessment methods.

The teacher's role shifts from "knowledge transmitter" Teachers themselves m_ust dee_p ly understand m.dustl_'y
Gold " . N . standards, master practical skills, and be proficient in

to "learning guide, skills coach, and competency . . .
Teachers " competency-based instructional design and assessment

asSessor.

methods.

The practical teaching environment must be an Maximally replicate enterprise production and service
Gold Bases . . . . X

authentic or highly simulated work environment. scenarios.

The form of teaching materials shifts from Material content synchronizes with industrial
Gold "disciplinary knowledge carriers" to guidance technology iteration and emphasizes
Materials materials organized around typical work tasks, student-centeredness, supporting students' autonomous

projects, or cases as the main thread.

training and self-checking.

4.2 The Practical Pathway for Digital Intelligence Empowerment of the "Five Gold
Standards" Initiative

Based on CBE theory, vocational education emphasizes the high alignment between the
skills students learn and dynamic industry job requirements, and values the scientific
decomposition and systematic assessment of the entire competency cultivation process.
Taking Guangdong Polytechnic of Science and Trade as an example, Digital
intelligence empowerment provides crucial technological support and key power for
this. How to conduct digital intelligence empowerment for the "Five Gold Standards"
construction is the practical pathway to unlocking the construction core and
implementation keys of the "Five Gold Standards," and also the key path to achieving
the transformation and upgrading of the education system.

4.2.1Digital Intelligence Empowerment of the "Gold Major" Initiative

Majors are the foundation and soil for education system development; "Gold Majors"
are the general guiding principle of the "Five Gold Standards" new infrastructure
system. Building "Gold Majors" requires focusing on current industrial transformation
and upgrading needs, corresponding to industry chain development trends,
scientifically planning majors, and establishing a digital intelligence supply-demand
matching mechanism. The core logic of major upgrading and transformation needs to
shift from the internal logic of "providing skills" to the external logic of "oriented
towards future industries." Specific practical measures include: (1) Phasing out
outdated majors, actively conducting digital intelligence upgrades and transformations
of existing traditional major (clusters), comprehensively infusing "AI+" elements. For
example, a certain higher vocational college transformed its Electronic Information
Engineering Technology major cluster towards the new generation of artificial
intelligence technology field, with the Electronic Information major developing
towards embedded Al, the Automotive Electronics major towards autonomous driving,
and the Mobile Internet major towards the Internet of Everything. Some colleges
gradually transform traditional majors, forming majors like Digital Trade, Smart Health
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Management, Intelligent Manufacturing, Smart Logistics, Digital Culture and Tourism,
etc. (2) Adding new majors or micro-majors that align with digital intelligence and help
foster new quality productive forces. Oriented towards the embedded Al, Internet of
Everything, digital integration, and cross-border integration trends of future industries,
empower major (cluster) construction with digital intelligence and add related majors.
For instance, currently, some higher vocational colleges, according to digital industry
development, have added major clusters like Intelligent Manufacturing, Artificial
Intelligence, etc., and majors in big data, Al technology, IoT, industrial software design,
integrated circuits, intelligent connected vehicles, and other digital fields, offering
micro-majors like "Al Smart Inspection for Rail Transit" and "UAV Civil Engineering
Inspection." (3) Dynamically monitoring industry job changes, establishing a
synchronous adjustment mechanism between major construction and industrial
development job demands. Fully utilizing digital technology, collaborating with
industry enterprise experts and industry research institutions, using big data analysis
technology to investigate regional industrial development dynamics, enterprise talent
demands, and cutting-edge technological developments, precisely identifying emerging
positions, skill gaps, and talent demand changes. For example, a vocational college in
Guangdong maps a "mapping diagram" of majors connecting to industries, researches
and develops a "degree of fit" model for major-to-industry connections, using "degree
of fit" analysis as an important basis for synchronous adjustment between major
clusters and industrial development.

4.2.2 Digital Intelligence Empowerment of the "Gold Course" Initiative

Courses are the key channels for teaching implementation; "Gold Courses" are the
specific carriers of the "Five Gold Standards" new infrastructure system. Vocational
education courses must highlight competency-based orientation, emphasize the
realization of student competencies, and undergo dynamic evaluation and adjustment.
"Gold Courses" require that the curriculum system and content closely follow the
cultivation objectives under the digital economy. Practical measures unfold from two
dimensions: curriculum construction and classroom reform, specifically including: (1)
Reconstructing the curriculum system based on changes in industrial job demands due
to digital intelligence. On one hand, schools and enterprises jointly build and share
course resources, update the curriculum system based on real work processes infused
with digital intelligence, and innovate assessment methods. Organize school-enterprise
experts to map competency profiles, incorporate enterprise typical job operation
procedures into course standards, design teaching modules based on real enterprise
projects, and develop new courses. Schools and enterprises jointly promote assessment
method reform, with students completing enterprise projects by module, achieving
measurable outcomes and competencies. On the other hand, upgrading and
transforming traditional course content, adding learning content like Al applications,
machine learning, and data analysis to professional courses. For example, upgrading
Construction Technology to Intelligent Construction Technology; adding consumer
profiling and precision marketing based on data analysis to Marketing courses; adding
fintech content to Financial Product Marketing Practice. (2) Utilizing digital
intelligence to innovate classroom teaching. Introducing new-generation information
technologies like cloud computing, big data, IoT, VR/AR, Al, and robotics into the
classroom. Implementing project-based teaching methods and information-based
teaching method reforms. Establishing new teacher-student relationships, innovating
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classroom evaluation methods, guiding students in autonomous learning, collaborative
learning, and participatory learning. For example, an automotive engineering
vocational university, supported by information technology, supplements and upgrades
traditional courses, subdivides each course content into modules that can be randomly
combined, develops supporting digital learning resources, and creates a modular
curriculum system with intelligent, precise push capabilities.

4.2.3 Digital Intelligence Empowerment of the "Gold Teacher" Initiative

Teachers are the key executors of teaching reform; Gold Teachers are the most dynamic
and core element within the "Five Gold Standards" new infrastructure system. To cope
with industrial digital intelligence transformation, it is necessary to form structured
teaching innovation teams proficient in both professional teaching and possessing
digital literacy and interdisciplinary integration capabilities. Specific measures include:
(1) Constructing hierarchical and categorized training plans for digital intelligence
teaching. Develop teacher training plans at different progressive levels: literacy
popularization, skill enhancement, and innovative application. While popularizing
digital literacy among all professional teachers, enhance the industry-education
integration capabilities of backbone teachers, and select teachers with teaching
innovation potential to collaborate with enterprises on real industry project R&D,
cultivating a group of teaching innovation leaders capable of solving complex project
problems, adapting to the Al era, possessing innovation capabilities, and high skill
levels.Utilize the training program to enhance teachers' ability in integrating teaching.
Teachers fully leverage the advantages of digital capabilities, starting from the teaching
problems of the courses, and utilize features such as hyperlinks, simulations, and data
interaction to restructure and optimize the course content and structure. Integrate digital
resources deeply with course teaching to solve the problem of digital resources
becoming merely a collection of materials. (2) Constructing a school-enterprise teacher
co-cultivation and sharing mechanism. Implement teacher co-cultivation, collaborate
with high-quality industry enterprises to jointly formulate new standards for
"dual-qualified" teachers covering professional ethics, digital literacy, technical skills,
and engineering practice abilities, using these as standards for teacher recruitment,
cultivation, and selection. Jointly create teacher cultivation practice bases integrating
practical teaching, technological R&D, and social services with digital intelligence
industry enterprises. Establish a long-term school-enterprise talent sharing mechanism,
introducing excellent enterprise mentors to deeply participate in course development
and practical teaching, and encouraging teachers to participate in real enterprise
projects. (3) Constructing a teaching innovation-oriented evaluation and incentive
system. Incorporate digital intelligence teaching achievements into teacher evaluation
indicators, encourage teachers to introduce digital technology to change classroom
teaching methods, and engage in innovative practices such as teaching following real
industry projects under digital intelligence reforms.

4.2.4 Digital Intelligence Empowerment of the "Gold Base" Initiative

Practical teaching bases are the foundational support for educational activities; "Gold
Bases" are important pillars of the "Five Gold Standards" new infrastructure system,
supporting the transformation of theoretical teaching into actionable practical abilities.
In practice base construction, it is necessary to closely follow changes in the Al era,
providing students with the most realistic work scenario simulations to improve
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practical teaching effectiveness. Match practical requirements with competency
requirements in real work scenarios to better quantify teaching outcomes. Specific
measures include: (1) Creating on-campus digital intelligence practical teaching bases
and industry-education integration training bases. Vigorously construct virtual
simulation training centers and digital twin factories synchronized with industrial
scenes. Collaborate with leading enterprises and industry frontrunners to build a
number of high-level industry-education integration training bases that share resources,
integrating practical teaching, real enterprise production, social technical services, etc.
For example, a higher vocational college in Guangdong, relying on communication
technology, computer network technology, and IoT technology, cooperated with
companies like Huawei, Red Hat, and 360 to build on-campus and off-campus practical
teaching bases, developing a series of productive practical projects. (2) Promoting
school-enterprise joint construction of digital intelligence platforms and applied
technology innovation centers to facilitate data interoperability and resource sharing.
Timely update software and hardware facilities and equipment in industry-education
integration bases, achieving seamless connection between teaching/training bases,
internship bases, practice bases, and enterprise talent and technical requirements. (3)
Establishing a normalized innovation mechanism for school-enterprise cooperation.
Explore sustainable development mechanisms for school-enterprise joint construction
and sharing, innovating cooperation methods, operational models, and cost-sharing
mechanisms. For example, a higher vocational college, through joint school-enterprise
establishment of R&D centers, forms a '"risk-sharing, benefit-sharing" technology
consortium to conduct technological output.

4.2.5 Digital Intelligence Empowerment of the "Gold Material” Initiative

Teaching materials are the knowledge carriers for teaching implementation; "Gold
Materials" are important media within the "Five Gold Standards" new infrastructure
system. The comprehensive vocational competencies under the digital economy should
be embedded into material content, and new-form materials should be actively
developed. Specific measures include: (1) Conducting "AI+" upgrades and
transformations of material content. Al represents a profound transformation in the
work paradigm for all, encompassing guiding principles, working methods, core
competencies, and work habits that reach consensus, not just technological upgrades.
This requires that when integrating digital technology and Al into material content, it's
not merely about adding technical content, but should focus on enhancing students'
future adaptability through projects simulating real scenarios. Collaborate with
enterprises to incorporate new technologies, processes, and standards into
corresponding courses. Systematically process real work processes and their digital
intelligence transformation, incorporating dimensions like data thinking and intelligent
tool application. Through induction and generalization, extract typical work tasks and
key skill points suitable for human-machine collaboration and data-driven
environments, ensuring these are representative, operable, and reflect the impact and
reshaping of work processes, job competencies, and decision-making methods by
digital intelligence technology. (2) Developing digital materials, loose-leaf materials,
work manual-style materials, and other diverse formats. Based on professional digital
resources, develop vivid, interactive digital materials, and compile loose-leaf or work
manual-style materials tailored to vocational education characteristics. Digital materials
can fully embody intelligent evaluation, intelligent learning guidance, and intelligent



764 H. Zhong and J. Huang / Empowering Vocational Education Reform with Digital Intelligence

learning assistance, support open structures and dynamic resource updates, and adapt to
students' online and blended learning. Loose-leaf and work manual-style materials can
highlight task authenticity, free combinability, and dynamic updates.
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Abstract. To explore the influencing factors and mechanisms of integrating the
great anti-epidemic spirit into ideological and political education in universities, this
study clarifies the differentiated impact paths of six major factors—campus cultural
environment, education subjects and resources, curriculum and textbook system,
educational processes, technologies, tools, social context, and regional
differences—on students' cognition, emotions, and behavioral intentions. A
questionnaire survey was conducted among 612 college students from six
universities in Hubei Province, and empirical analysis was performed using
structural equation modeling (SEM). The results indicate that the model fits well,
and most of the research hypotheses are supported. Among them, the campus
cultural environment has a significant positive impact on the three dimensions of
students' cognition, emotion, and behavioral intention, with the strongest effect on
behavioral intention. Education subjects and resources have a notable influence on
students' cognition and emotions but are insufficient in transforming behavioral
intentions; Educational technologies and tools consequentially impact on students'
emotions and behaviors, but lack of cognition; Curriculum and textbook system,
social and regional factors, and educational processes have a stable influence on
students. The six major factors are significantly correlated, forming an
interconnected ecosystem. Therefore, educational institutions need to strengthen the
transformation of knowledge into action, deepen the integration of technology and
content, and build a multi-factor collaborative network to enhance the effectiveness
of talent cultivation systematically.
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1. Introduction

! Corresponding author: 369181868@qq.com

The great anti-epidemic spirit is a precious spiritual asset of the Chinese nation's battle
against the epidemic, embodying the most vivid and resilient elements of education in
the modern era, and serving as a rich source of ideological and cultural nourishment for
students' growth and developmentl. Ideological and political education is a key link in
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implementing the fundamental task of fostering virtue through education. Incorporating
the great anti-epidemic spirit into ideological and political education for university
students can not only realize its educational value but also shape students' character,
correct their conduct, and enhance their taste. This process of integration helps
universities promote the main theme, spread positive energy, and thereby highlights the
role of ideological and political theory courses as the principal platform and main channel
for cultivating virtue and nurturing a new generation of the era. Meanwhile, it guides
university students to establish correct views of the world, life, and values, while
continuing the legacy of the national spirit.

Currently, academia, while elaborating on the spiritual connotation, characteristic
forms, generative logic, contemporary value, and promotion methods of the great anti-
epidemic spirit, has gradually begun to attach importance to its integration into
ideological and political courses in universities. Therefore, academia has achieved
research results in four aspects—synergistic integration, contextual integration, holistic
integration, and three-dimensional integration—following the line of thinking of 'why
integrate, what to integrate, and how to integrate'. However, quantitative research on the
influencing factors and mechanisms of integration effectiveness remains insufficient [1].
Integrating the spirit of anti-epidemic into ideological and political education in
universities is a complex systematic project, and its effectiveness is not determined by a
single variable. These factors together form the 'resources—process—objectives'
adaptation chain, profoundly influencing the actual pattern and effectiveness level of
integration work. To advance the theoretical understanding beyond existing frameworks,
this study introduces educational ecology theory and the integrated model of ‘knowledge,
emotion, will, and practice’, constructing a multi-factor interaction framework that
reveals the non-linear, systemic linkage mechanisms among influencing factors, thereby
moving beyond single-dimensional or linear analyses [2].To put it into a nutshell, this
study aims to empirically investigate the specific impact pathways of six major factors—
campus cultural environment, educational subjects and resources, curriculum and
textbook system, educational processes and methods, educational technologies and tools,
and social and regional factors—on students' cognition, emotions, and behavioral
intentions, and to reveal the network of interactions among each factors. By using SPSS
and AMOS software to test, analyze, and revise questionnaires and models, data support
and practical references are provided to enhance the effectiveness of ideological and
political courses in educating students.

2. Research Hypothesis

Based on the theory of educational ecology and the framework of factors influencing
curriculum implementation, this study categorizes the influencing factors into six major
aspects: campus cultural environment (CCE), educational subjects and resources (ESR),
curriculum system (CS), educational processes and methods (EPM), educational
technology and tools (ETT), social resources and locational field factors (SR-LFF).
Drawing on educational ecology theory, the ideological and political education system
is conceptualized as an organic whole comprising micro- (teaching subjects, curriculum),
meso- (campus culture, technological tools), and macro- (social-regional environment)
elements. Following the ‘knowledge-emotion-will-practice’ model, the integration
effects are divided into cognitive understanding (CU), emotional identification (EI), and
behavioral intention (BI). The six factors were selected based on: (1) the curriculum
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implementation framework; (2) educational ecology theory; and (3) a systematic review
of existing studies. A limitation is that this study focuses on structural factors within the
educational system, excluding students’ individual psychological traits (e.g., cognitive
style, personality) or family background (e.g., parental education concepts), which could
be explored in future research. Moreover, all indicators are centered on the educational
process and outcomes, without items related to ‘political bias’ in the measurement.The
campus cultural environment (CCE) constitutes the deep soil for integrating the great
anti-epidemic spirit. Through the guidance of values, behavioral habits, and the
atmosphere of activities, it subtly influences teachers' and students' recognition of and
willingness to participate in the spirit of epidemic prevention. Educational subjects and
resources (ESR) determine the professional ability for spiritual transformation. The
disciplinary background, practical experience, and teaching competence of educational
subjects directly influence the depth of interpretation and the effectiveness of
transmitting the anti-epidemic spirit. Curriculum system (CS) is the main channel for
integrating spirit; Systematic curriculum design can prevent the fragmentation of the
integration process. Blended teaching and practice-driven approaches enhance students'
sense of experience. The educational process and methods (EPM) are dynamic executing
elements for integrating the spirit of epidemic prevention, referring to a comprehensive
operational system for the design, promotion, regulation, and optimization of ideological
and political education, and serve as a key hub for achieving educational objectives.
Educational tools and technologies (ETT) are empowering engines that transcend the
limitations of time and space. Social resources and locational factors provide external
support and contextual materials for the integration of the spirit. Therefore, six types of
factors jointly shape the ultimate effectiveness of integrating the great anti-epidemic
spirit into ideological and political education through the collaborative path of 'condition
support—process implementation—effectiveness transformation.' In summary, this
study proposes the following research hypotheses:

Hla-Hlc: CCE has a significant positive impact on students’ CU, EI, and BI.

H2a-H2c: ESR has a significant positive impact on students’ CU, EI, and BI.

H3a-H3c: CS has a significant positive impact on students’ CU, EI, and BI.

H4a-H4c: EPM has a significant positive impact on students’ CU, EI, and BI.

H5a-HS5c: ETT has a significant positive impact on students’ CU, EI, and BI.

H6a-H6c: SR-LFF has a significant positive impact on students’ CU, EI, and BI.

The six major influencing factors of the great anti-epidemic spirit integrated into
ideological and political education in colleges and universities form an interconnected
ecosystem. These factors have bidirectional or multidirectional influence paths,
collectively shaping the overall pattern of the integration process. Based on this, this
paper proposes the following research hypotheses:

H7a-H7e: CCE interacts with ESR, CS, EPM, ETT, and SR-LFF.

H8a-H8d: ESR interacts with CS, EPM, ETT, and SR-LFF.

H9a-H9c: CS interacts with EPM, ETT, and SR-LFF.

H10a-H10b: EPM interacts with ETT and SR-LFF

HI11: There is an interaction between ETT and SR-LFF
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3. Research Design and Data Collection
3.1. Data Source

The data for this study were obtained from a survey of university students in Hubei
Province. This study employed stratified random sampling to select students from six
universities in Hubei Province (covering "Double First-Class" universities, provincial
key universities, local undergraduate colleges, and vocational colleges)—namely Wuhan
University (WHU), Huazhong University of Science and Technology (HUST), Central
China Normal University (CCNU), Wuhan University of Science and Technology
(WUST), Hubei University of Chinese Medicine (HBUCM), and Wuhan Railway
Vocational and Technical College (WRVT)—as the research subjects. The questionnaire
encompassed four parts: the subjects' main characteristics, participation in the model,
integration outcomes, and influencing factors, aiming to statistically analyze and
evaluate the effectiveness of incorporating the great anti-pandemic spirit into ideological
and political courses in various universities. A total of 625 questionnaires were
distributed for the survey, and 612 valid questionnaires were collected.

3.2. Research Methods

This study used a 5-point Likert scale for scoring and employed SPSS 27.0 software for
descriptive statistical analysis. Factor analysis was conducted using the principal
component analysis method and varimax rotation. AMOS 25.0 software was used to
construct a structural equation model of the factors influencing the integration of the
great anti-epidemic spirit into ideological and political education, with parameters
estimated using the maximum likelihood method. The convergent validity (AVE) and
composite reliability (CR) were calculated to test the robustness and reliability of the
measurement model, and indices such as the root mean square error of approximation
(RMSEA) and normed fit index (NFI) were referenced to assess the overall fit of the
structural equation model.To control for common method bias, the following measures
were implemented during questionnaire design: (1) anonymous completion to reduce
social desirability responses; (2) random ordering of items to avoid habitual answering;
(3) reverse-scored items for some questions to enhance attention checks. In the data
analysis stage, Harman’s single-factor test was applied; the unrotated exploratory factor
analysis showed that the first factor accounted for 28.7% of the variance, below the 40%
threshold, indicating that common method bias does not pose a serious threat.
Additionally, this study acknowledges the inherent limitations of self-reported data—
students’ self-assessments may differ from actual behavioral performance. Future
research could incorporate multi-source data such as instructor evaluations, classroom
observations, and behavioral records to enhance objectivity [3].

3.3. Measurement Indicator System

This study selects representative measurable indicators as observed variables and
comprehensively applies exploratory factor analysis and confirmatory factor analysis to
extract the key influencing factors of integrating the great spirit of pandemic resistance
into ideological and political course teaching in colleges and universities as latent
variables (see Table 1).
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Table 1. Measurement Indicator System

Variable Indicators Item (Abbreviated) No.
Participation Frequency Participation frequency in anti-epidemic educational activities B1
Integration cu Understanding of anti-epidemic spirit connotation (C1), CPC Cl-C3
Effect leadership advantages (C2), scientific knowledge (C3)
Pride in nation (C4), moved by heroic deeds (C5), emotional
EI . C4-C6
resonance with people-first concept (C6)
BI Willingness to take responsibility (C7), public compliance C7-C9

(C8), aspiration to contribute (C9)

o Campus atmosphere, periodic activities (e.g., Anti-Pandemic B
CCE Spirit Month), student works display DI-D3

ESR o Frontline workers sharing, practice base visits, accessible E1_E4
learning resources, teacher research integration

Systematic integration into courses, updated materials,
CS — . o . F1-F4
professional adaptability, practical assessment tasks

EPM o Interactive methods, reflection-oriented activities, focus on Gl-G4
ordinary people's contributions, cross-country comparisons

ETT o Online platforms, new media promotion, personalized content 1-14
via big data, VR/AR simulation projects

SR-LFF Personal experience of local measures, commemorative T1_14
activities, community practice networks, iconic local spaces

Note: CCE = Campus Cultural Environment; ESR = Educational Subjects and Resources;
CS = Curriculum System; EPM = Educational Processes and Methods; ETT =
Educational Technology and Tools; SR-LFF = Social Resources and Locational Field
Factors; CU = Cognitive Understanding; EI = Emotional Identification; BI = Behavioral
Intention.

4. Data Analysis and Hypothesis Testing
4.1. Demographic Characteristics of the Survey Population

Regarding the composition of the 612 survey respondents' institutions, participation
across the six universities was relatively consistent. In terms of major distribution, 20.1%
of the respondents were in humanities, 23.9% in social sciences, 35.5% in science and
engineering, 20.3% in medicine, and 0.3% in other majors, ensuring the
representativeness of the sample. In terms of grade distribution, respondents were from
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freshman to senior years, accounting for 29.2%, 24.3%, 24.3%, and 22.1%, respectively.
Regarding gender composition, 56% were male and 44% were female. There were
significant differences in political affiliation, with only 13.7% being party members and
24.7% being general members. In terms of experience as class officers, only 18% of
respondents had served as student leaders, whereas 82% had not. Respondents who had
participated in relevant volunteer activities accounted for 45.9%, while those who had
not accounted for 54.1%. Details are provided in Table 2.

Table 2. Survey Demographic Analysis

Variable Item Count Percentage
School HBUCM 102 16.7
HUST 101 16.5
WRVT 102 16.7
CCNU 102 16.7
WHU 103 16.8
WUST 102 16.7
Major Humanities 123 20.1
Social Science 146 23.9
Science and Technology 217 35.5
Medicine 124 20.3
Other 2 0.3
Grade Freshman 179 29.2
Sophomore 149 24.3
Junior 149 24.3
Senior 135 22.1
Gender Male 343 56.0
Female 269 44.0
Political Affiliation CPC Member (including Probationary 84 13.7
Members)
CYL member 345 56.4
Public 151 24.7
non-CPC parties 32 5.2
Whether serving as a student _ Yes 110 18.0
leader No 502 82.0
Whether to participate in anti- _ Yes 281 45.9
epidemic volunteer services No 331 54.1

4.2. Reliability and validity analysis

This paper uses Cronbach’s Alpha coefficient to analyze the consistency of the data.
Cronbach’s Alpha coefficients for the two dimensions of influencing factors and
integration effect are 0.900 and 0.826, respectively, both higher than 0.7. It indicates that
the scale has good internal consistency and high reliability. Validity analysis shows that
the KMO test coefficient is 0.895, the approximate chi-square value of the Bartlett's
sphericity test statistic is 10610.081, the degrees of freedom are 496, and the significance
is 0.000, which is below the 0.001 significance level. This indicates that the test results
meet the basic requirements of factor analysis. Using principal component analysis to
extract factors with eigenvalues greater than 1, it was found that the cumulative variance
explained reached 74.529%, indicating that the questionnaire has good structural validity.
In terms of convergent validity, the average variance extracted (AVE) for each latent
variable ranged from 0.604 to 0.691, and the composite reliability (CR) ranged from
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0.821 to 0.888. Regarding discriminant validity, the square root of the AVE for each
latent variable was greater than the correlation coefficient between those variable and
other latent variables, indicating that the constructs have good discriminant validity.

4.3. Model Fit Evaluation and Path Coefficient Analysis

4.3.1. Model Fit Evaluation

This study selected seven key model fit indicators recognized by the academic
community: Chi-square degrees of freedom ratio (CMIN/DF), Root Mean Square Error
of Approximation (RMSEA), Goodness of Fit Index (GFI), Adjusted Goodness of Fit
Index (AGFI), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and
Standardized Root Mean Square Residual (SRMR). Using the criteria of 'good range' and
'acceptable range,' the model fit was analyzed, and the results are shown in Table 3 below:

Table 3. Model Fit Indices

Model Indicator Criteria Result Fitting Solution

CMIN/DF Good Range: 1-3 1.364 Fitting Well
Acceptable Range: 1-3

RMSEA Good Range: <0.05 0.024 Fitting Well
Acceptable Range: <0.08

GFI Good Range: >0.90 0.944 Fitting Well
Acceptable Range: >0.85

AGFI Good Range: >0.90 0.932 Fitting Well
Acceptable Range: >0.85

CFI Good Range: >0.90 0.985 Fitting Well
Acceptable Range: >0.85

TLI Good Range: >0.90 0.985 Fitting Well
Acceptable Range: >0.85

SRMR Good Range: <0.05 0.029 Fitting Well

Acceptable Range: <0.08

The results indicate that all fit indices meet or exceed the commonly accepted
academic criteria. CMIN/DF is 1.364, RMSEA is 0.024, GFI is 0.944, AGFT is 0.932,
CFI is 0.985, TLI is 0.985, and SRMR is 0.029, all falling within the acceptable range,
indicating that the structural equation model constructed in this study fits the sample data
well, thereby providing a solid foundation for subsequent path coefficient analysis and
hypothesis testing.

4.3.2. Path Coefficient Analysis

Analyzing the path coefficients of the structural equation model, all 33 research
hypotheses in the model are significant at a significance level of less than 0.001,
indicating that all 33 hypotheses are supported. At the same time, the regression
coefficients of all 33 paths are positive, indicating that the six major factors have a
positive impact on the cognitive dimension (CU), the emotional dimension (EI), and the
behavioral intention dimension (BI), and the six major influencing factors also have a
positive impact on each other. From the perspective of the magnitude of standardized
coefficients, in the cognitive and emotional dimensions, the path coefficients from
educational subjects and resources to them are the largest, at 0.196 and 0.185,
respectively. In terms of behavioral intention, the campus cultural environment has the
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largest path coefficient to it, at 0.193. The standardized path coefficients of this model
are shown in Figure 1 and Table 4.
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0.32
Chi-square=587.792 DF=431 Chi/DF=1.364
GFI=.944 AGFI|=.932 RMSEA=.024

Figure 1. Path Coefficient Circle Chart

Table 4. SEM Path Coefficient Evaluation

Path Standardized  Unstandardized S.E. CR. P H(A) Result
Relationship Coefficient Coefficient
CCE—CU 0.113 0.124 0.06 2.069 0.039 Hla Reject HO
CCE—EI 0.142 0.139 0.054 2.546 0.011 Hlb Reject HO
CCE—BI 0.193 0.188 0.055 3.426 ok Hic Reject HO
ESR—CU 0.196 0.22 0.055 4.013 ok H2a Reject HO
ESR—EI 0.185 0.184 0.05 3.685 *Ek H2b Reject HO
ESR—BI 0.088 0.087 0.049 1.767 0.077 H2c Reject H2¢
CS—CU 0.103 0.107 0.052 2.045 0.041 H3a Reject HO
CS—EI 0.132 0.121 0.047 2.561 0.01 H3b Reject HO
CS—BI 0.121 0.111 0.047 2342 0.019 H3c Reject HO
EPM—CU 0.146 0.154 0.055 2.805 0.005 H4a Reject HO
EPM—EI 0.105 0.098 0.05 1.979 0.048 H4b Reject HO
EPM—BI 0.113 0.105 0.05 2.113 0.035 Héc Reject HO
ETT—CU 0.085 0.083 0.046 1.817 0.069 H5a Reject H5a
ETT—EI 0.108 0.093 0.041 2.248 0.025 H5b Reject HO
ETT—BI 0.132 0.113 0.041 2.729 0.006 H5c Reject HO
SR-LFF—CU 0.119 0.132 0.053 2.495 0.013 Héa Reject HO
SR-LFF—EI 0.132 0.131 0.048 2.705 0.007 H6b Reject HO
SR-LFF—BI 0.15 0.147 0.049 3.039 0.002 Héc Reject HO
CCE < ESR 0.336 0.295 0.046 6.453 ok H7a Reject HO
CCE & CS 0.433 0.411 0.051 8.028 ok H7b Reject HO
CCE © EPM 0.455 0.423 0.051 8.239 ok H7c Reject HO
CCE < ETT 0.318 0.323 0.052 6.244 ok H7d Reject HO
CCEL‘F_]’: SR- 0.358 0.317 0.046  6.845 ok H7e Reject HO
ESR © CS 0.382 0.357 0.047 7.531 ok H8a Reject HO
ESR — EPM 0.367 0.336 0.047 7.206 ok H8b Reject HO
ESR © ETT 0.323 0.321 0.049 6.55 ok H8c Reject HO
ESR < SR- 0.325 0.283 0.043  6.556 ok Had Reject HO

LFF
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CS & EPM 0.344 0.34 0.049 6.87 o HOa Reject HO
CS ETT 0.352 0.379 0053 7.134 o HOb Reject HO
s ]:_F’FSR' 0.333 0.313 0.046  6.749 ok He Reject HO
EPM < ETT 0.361 0.381 0.053 721 o H10a Reject HO
EP l\i‘;;SR' 0.381 0.352 0.047  7.508 ok H10b Reject HO
ETTL;;SR' 0.292 0.293 0049  6.034 ok HI1 Reject HO

Note: H(A) stands for corresponding alternative hypothesis provided in Section 2

HO stands for no effect exists in the population (Default Situation)
*** represents for P<0.001

4.4. Model Result Analysis

The results of the structural equation modeling test indicate that the model fits well
(CMIN/DF = 1.364, RMSEA = 0.024, CFI = 0.985, and other indicators all meet
excellent standards). Of the 33 research hypotheses, 31 are supported, while only 2 do
not pass the significance test. The six major influencing factors exhibit differentiated
impact pathways on the three dimensions of students' cognition, emotion, and behavioral
intention. The campus cultural environment (CCE) has a significant positive impact on
all three dimensions, with the strongest effect on the behavioral intention dimension
(B=0.193, p<0.001); The educational subjects and resources (ESR) have significant
effects on the cognitive (f=0.196, p<0.001) and emotional dimensions (f=0.185,
p<0.001), but their effect on behavioral intention did not pass the test ($=0.088,
p=0.077).This result can be explained by the ‘knowledge-emotion-will-practice’
transformation theory: the transition from knowledge acquisition (cognition) and
emotional identification (emotion) to behavioral intention (will) does not occur
automatically but requires practical situations as an intermediary bridge. Educational
subjects and resources primarily affect the first two stages; without supporting practical
platforms, the formation of behavioral intention is hindered. This interpretation is
supported by the survey finding that 54.1% of students had not participated in
anti-epidemic volunteer services. This result indicates that although factors such as
teacher quality and teaching team collaboration can effectively convey knowledge and
stimulate emotions, their direct translation into action depends on intermediary
conditions such as practical platforms. The curriculum system (CS) and educational
process methods (EPM) show a consistently positive impact across all three dimensions
(path coefficients ranging from 0.103 to 0.146, p<0.05), confirming that systematic
content design and scientific teaching implementation are the main channels for spiritual
integration; Educational technology and tools (ETT) have significant effects on the
emotional (f=0.108, p<0.05) and behavioral intention (=0.132, p<0.01) dimensions, but
their impact on the cognitive dimension is not significant (p=0.085, p=0.069). This
non-significant finding can be interpreted using media richness theory and cognitive load
theory: while multimedia technologies and virtual simulations provide rich emotional
experiences, they may increase students’ cognitive load, diverting attention from core
theoretical concepts. A ‘heavy on form, light on content’ application of technology fails
to facilitate deep processing and systematic construction of abstract theoretical
knowledge. This suggests that technology must be deeply integrated with teacher
guidance and reflective design to effectively enhance cognitive understanding. This may
be because technological tools are adept at creating emotional scenarios, yet the
deepening of theoretical understanding still requires the guidance of teachers; Social



774 C. Zhang / Study on the Factors Affecting the Teaching Effectiveness

resources and contextual factors (SR-LFF) exhibit a comprehensive influence (path
coefficients range from 0.119 to 0.150, p<0.05), and the regional resources from the
primary front of epidemic prevention provide rich materials for ideological and political
education.

The hypothesized interactions between the six major influencing factors (H7a-H11)
were all validated (p<0.001), indicating that they form a closely interconnected
ecosystem. The campus cultural environment (CCE), serving as a linking hub, shows
strong correlations with all other factors (correlation coefficients 0.318-0.455). The
symbiotic relationships between elements such as educational subjects (ESR) and
curriculum system (CS) (p=0.382), as well as educational processes and technological
tools (EPM & ETT) (B=0.361), highlight the importance of multi-factor synergistic
resonance. The two hypotheses that failed the test (H2c, H5a) reflect the shortcomings
of current practice. H2¢ (ESR — BI) was rejected, suggesting that high-quality teaching
resources need to be coordinated with mechanisms for behavioral transformation. For
example, the survey shows that 54.63% of students have never participated in volunteer
services for epidemic prevention, indicating that the absence of practical platforms may
hinder the formation of behavioral intentions. HSa (ETT — CU) was rejected, warning
that the application of technology should avoid being 'heavy on form and light on
content,' and emphasizing the need to strengthen the deep integration of technology and
theoretical instruction.

This study’s sample was drawn exclusively from universities in Hubei Province, the
main battlefield of China’s epidemic response—a regional context that offers a distinct
advantage rather than a limitation. Students experienced the pandemic firsthand and
participated in local prevention efforts, providing an insider perspective and deep
emotional connection to the anti-epidemic spirit. This high-salience setting allows the
study to capture integration effects in a uniquely meaningful context. Findings are thus
especially informative for regions with similar experiences, while future research may
extend the model to areas with varying epidemic impact or conduct cross-regional
comparisons to explore macro-contextual moderators. Additionally, this study employs
a cross-sectional design, meaning all variables were measured at a single time point;
therefore, the path coefficients reflect correlations and theoretically hypothesized
directionality rather than strict causality. Future research may adopt longitudinal or
quasi-experimental designs to further examine causal directions and dynamic
mechanisms.

5. Suggestion and Recommendation

First, embed practical components to strengthen knowledge-action transformation.
Incorporate volunteer service and social practice into compulsory ideological and
political courses (e.g., 8—16 credit hours), establishing a linked platform of on-campus
theory and off-campus practice. Collaborate with communities, hospitals, and enterprises
to build educational bases where students engage in pandemic prevention publicity and
community service, facilitating the transition from cognitive recognition to habitual
behavior. Verification: Conduct a quasi-experimental study in two comparable
universities—one implementing the theory-plus-practice model and the other
maintaining theory-only teaching—to compare changes in behavioral intention through
pre- and post-tests.
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Second, deepen the integration of technology and content to enhance cognitive
impact. Address the insignificant effect of educational technologies and tools (ETT) on
cognition by strengthening deep integration with theoretical teaching, avoiding
superficial application [4]. Use virtual simulations to recreate epidemic scenarios and
enhance emotional experience, paired with teacher-led explanation and guided
reflection; leverage big data to personalize content while ensuring depth. Verification:
Conduct teaching action research in a small class, collecting pre- and post-test cognitive
scores combined with in-depth interviews to evaluate technology-content integration
effectiveness.

Third, build a collaborative network to enable positive interaction among elements.
Systematically examine factor compatibility, strengthen top-level design, and establish
a three-level responsibility system (university—department—instructor) covering
curriculum, materials, management, and evaluation. Promote linkage between campus
culture and curriculum, facilitate collaboration between professional faculty and
ideological educators, and integrate internal and external resources to form synergistic
educational forces, transforming the anti-epidemic spirit into a rich resource for moral
education [5].Verification: Develop a Quality Monitoring Indicator System for
Collaborative Education, collecting process indicators (e.g., campus cultural activity
participation, cross-department projects, student practice rates, teaching evaluations)
each semester to continuously assess operational efficiency.
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