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Abstract. In the process of promoting the strategy of rural education revitalization, the rapid
development of digital technology has brought new opportunities, but also exacerbated the digital
divide in the distribution of urban and rural education resources, and there is a significant gap between
rural areas and urban areas in terms of network infrastructure, intelligent equipment configuration,
and teachers' and students' digital literacy, which has seriously constrained the enhancement of the
quality of rural education and the realization of education equity. As an important carrier of
information dissemination and resource integration, the media, by virtue of its wide dissemination
and strong interactivity, can break the barriers of geography and resources, realize the sinking of high-
quality educational resources, and inject new kinetic energy into the revitalization of rural education
through the construction of a diversified educational resource sharing platform, innovative teaching
modes, and the enhancement of teachers' and students' digital literacy, among other paths. This paper
provides an in-depth analysis of the performance, causes and impacts of the digital divide in rural
education, and discusses the specific strategies of media-enabled rural education revitalization, with
the aim of providing theoretical references and practical reference for narrowing the gap between
urban and rural education, and promoting the high-quality development of rural education.
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1. Introduction

The strategy of rural revitalization, as the overall gripper of the "three rural areas” work in the new
era, has profoundly affected all aspects of China's rural development, among which the revitalization
of education is regarded as a key path to blocking the intergenerational transmission of poverty and
activating the endogenous dynamics of the countryside. A series of policy documents, such as China
Education Modernization 2035 and Opinions on Deepening Education Reform and Comprehensively
Improving the Quality of Compulsory Education, clearly point out the need to take education equity
as the guiding principle, promote the tilting of high-quality education resources to rural areas, and
bridge the gap between urban and rural education. Against this backdrop, digital technology, with its
advantages of breaking through time and space constraints and achieving resource sharing, has
become an important tool for promoting the revitalization of rural education, and its application in
the field of rural education has been deepening, from the construction of the "three passes and two
platforms™ to the promotion of the National Wisdom Education Public Service Platform.

However, the popularization of digital technology in rural education presents a complex and
contradictory picture. On the one hand, the continuous improvement of network infrastructure, the
gradual coverage of intelligent terminal equipment, so that rural teachers and students have access to
a huge amount of high-quality educational resources; short video, live classroom and other new media
forms also inject new vitality for rural teaching. But on the other hand, the existence of the digital
divide is still significant. Outdated hardware equipment and insufficient network bandwidth have led
to the transmission of teaching resources, and it is difficult for some rural schools to support the
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smooth operation of online courses; teachers are not skilled in the operation of digital technology,
and students' digital literacy varies, which makes it difficult for advanced educational technology to
give full play to its effectiveness; at the same time, the inequality of educational data resources
between urban and rural areas, and the differences in the scenarios of digital application of education
have further aggravated the imbalance in the distribution of educational resources. At the same time,
the inequality of educational data resources between urban and rural areas and the differences in the
application scenarios of education digitization have further aggravated the imbalance in the
distribution of educational resources.

The contradiction between the ideal vision of technology-enabled rural education and the reality
of the digital divide has become the core obstacle in the digitization process of rural education.
Although digital technology is expected to narrow the gap between urban and rural education and
promote educational equity, in the actual landing process, it is difficult to be truly transformed into
educational effectiveness due to the limitations of multiple factors such as technology application,
resource adaptation, and subjective ability. How to make media technology in rural education from
""can use" to "good use", from "form of innovation™ to “effectiveness enhancement ", has become a
key issue that needs to be solved urgently. Based on the practice of rural education revitalization, this
study deeply analyses the intrinsic connection between digital divide and media empowerment, and
explores the effective path of transforming media technology into educational effectiveness, with a
view to providing useful references for solving the problem of digital development of rural education
and promoting educational equity.

2. Theoretical Perspectives and Conceptual Definitions

2.1 Conceptualization of the Digital Divide. The digital divide was initially defined as the gap
between different groups at the level of information and communication technology (ICT) access, i.e.
the "access divide", covering basic elements such as network coverage, hardware equipment
configuration and so on. With the continuous development of information technology such as the
Internet and its penetration into micro-subjects, the concept of digital divide has been further
expanded [1]. In the rural education scenario, the access divide manifests itself in the form of weak
network signals in some remote areas and a lack of smart devices in schools, which makes it difficult
for teachers and students to access online educational resources. With the popularization of digital
technology, the connotation of digital divide is gradually extended to "access divide”, which
emphasizes the differences in technology application ability, information processing level and
innovation and practice ability of different groups. Rural teachers, lacking systematic training, find it
difficult to integrate digital technology with teaching in depth; while students, limited by digital
literacy, are unable to efficiently screen and utilize quality educational resources. The double gap
from access to use together constitutes a real obstacle to the digital development of rural education.

2.2 Conceptualization of Media Empowerment. Against the background of rapid development
of digitization and globalization, the form and function of the news media, such as the speed, scope
and interactive aspects of communication, have experienced significant changes, which have not only
enhanced the media's communication capacity, but also deepened its influence in social governance
[2]. Media empowerment refers to breaking down information barriers through the characteristics and
functions of media technology, constructing an educational ecology with the participation of multiple
subjects, and promoting the realization of educational equity. In the revitalization of rural education,
media technology firstly, through the function of "connection”, integrates urban high-quality
educational resources and rural teaching needs, and builds a resource sharing platform; secondly,
relying on the two-way "interaction™ mechanism, it realizes real-time communication and experience
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exchange between teachers and students, home and school, and urban and rural educational subjects;
and finally, it forms a platform for the exchange of information and experience between urban and
rural educational subjects. Secondly, relying on the two-way "interactive™ mechanism, real-time
communication and experience exchange between teachers and students, home and school, and urban
and rural education subjects are realized; finally, the "empowerment" effect is formed to help teachers
and students in the countryside to break through the geographical limitation and improve the quality
of teaching and learning effect. For example, the live classroom realizes real-time interaction between
urban master teachers and rural students, and the short video platform provides a space for rural
teachers to share their teaching experience. All these media applications promote the balanced
distribution of educational resources through the chain of connection, interaction and empowerment.

2.3 Theoretical Explanation of Diffusion of Innovations. According to Rogers, "Diffusion of
innovation is a social process in which information related to something new gradually spreads, and
the value and significance of the innovation gradually emerges through a process of social
construction” [3]. The theory suggests that the diffusion and adoption of new technologies need to go
through five stages: knowledge, persuasion, decision-making, implementation and validation, with
impediments at each stage. In the digitalization process of rural education, the diffusion of new
technologies faces multiple stages of obstacles: in the awareness stage, rural schools lag behind in the
acquisition of information about cutting-edge educational technologies; in the persuasion stage, the
conflict between the traditional concept of teaching and the application of technology leads to
teachers' misgivings about the new technologies; in the decision-making stage, the lack of funds and
equipment limits the introduction of technologies; in the implementation stage, the lack of teachers'
digital skills and the poor adaptability of students influence the technology's In the implementation
stage, teachers' lack of digital skills and students' poor adaptation affect the effect of technology on
the ground; in the confirmation stage, the lack of an effective feedback mechanism makes it difficult
to continuously optimize the application of technology. These obstacles are compounded by the lack
of an effective feedback mechanism, making it difficult to optimize the use of digital technology in
rural education.

2.4 Theoretical Interpretation of Communication Infrastructure. The theory of
communication infrastructure stresses that the media, as an important part of the social structure,
influences the distribution of social resources and power relations through the construction of
information dissemination networks. In the field of rural education, media infrastructure is not only
a carrier of information transmission, but also a bridge for the integration and optimal allocation of
educational resources. A perfect media infrastructure can be embedded in the rural social network,
break the spatial barriers between urban and rural educational resources, and promote the sinking of
high-quality educational resources; at the same time, through the creation of a communication
ecosystem with the participation of multiple subjects, it can promote the innovation of the concept of
rural education and the innovation of the teaching mode. For example, the National Intelligent
Education Public Service Platform relies on the media infrastructure to precisely push high-quality
curriculum resources to rural schools, thus realizing the redistribution of educational resources and
the optimization of the social structure.

3. The Current State of Digitalization of Rural Education and the Crux of the Matter

3.1 Development Status and Results. The Opinions of the Central Committee of the Communist
Party of China and the State Council on Doing a Good Job of Promoting the Key Work of Rural
revitalization in a Comprehensive Way in 2023 clearly states that it is necessary to promote the high-
quality development of the countryside [4]. As an important strategic initiative to promote rural
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education revitalization and achieve education equity, digitalization of rural education has made some
progress in recent years under the dual role of policy drive and technology development, but it has
also exposed many deep-rooted contradictions. Through the comprehensive analysis of authoritative
statistics, typical cases, policy texts and academic research results, we can gain a comprehensive
insight into its development status and problems.

In recent years, China's rural education has generally made great strides, with compulsory
education becoming fully universal, educational infrastructure facilities gradually improving, teacher
training progressing significantly, and educational equity improving significantly. However, relative
to the city, rural education still faces considerable challenges, such as weak teachers, the quality of
education needs to be improved, insufficient investment in education, the level of information
technology in education needs to be improved, and the integration of rural cultural heritage and
education is insufficient, etc. [5].

In terms of hardware coverage, the Ministry of Education released the 2023 National Education
Development Statistics Bulletin, which shows that the Internet access rate of primary and secondary
schools in rural areas in China has reached 99.7%, and the multimedia classroom coverage rate has
exceeded 95% [6]. Under the leadership of the government, the construction of rural education
hardware facilities continues to promote, such as the "comprehensive thin" project has invested a total
of more than 200 billion yuan, focusing on improving the basic operating conditions of rural schools.
At the same time, enterprises and social forces are also actively involved, Ten-cent "for the village
plan™ and the cooperation of the government in many places, donating intelligent teaching equipment,
help rural schools hardware upgrade; Ali baba "rural education empowerment program” for remote
areas of the school donated tablet computers, electronic whiteboards and other equipment to promote
the balanced allocation of educational resources, and is expected to achieve a digital environment for
online education as shown in Figure 1.

Figurel. Digitization of online education

However, there is a huge contrast between the popularity of the hardware devices and the actual
usage results. Research data from the Chinese Academy of Educational Sciences2023 shows that
about 30% of rural schools have the problem of idle or underused equipment. Part of the school due
to the lack of professional maintenance personnel, equipment aging, failure cannot be repaired in a
timely manner, it is difficult to support the regular digital teaching. In a primary school in a
mountainous area of Yunnan Province, for example, although it is equipped with an intelligent
teaching all-in-one machine, due to the lack of professional and technical personnel to guide the
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teachers, they only use it as an ordinary projector, and the function of the equipment has not been
brought into full play.

3.2 Existing Problems and Challenges. In recent years, although China's investment in
informatization in the field of education has maintained a steady growth, the flow of funds is
obviously biased towards the construction of hardware infrastructure, and insufficient attention has
been paid to the construction of soft power such as information resources themselves and information
services [7]. Moreover, at the level of actual use, the technical operation ability of teachers and the
problem of curriculum adaptability have become the key factors restricting the development of digital
teaching. According to the China Rural Education Development Report (2024), less than 40% of rural
teachers are able to use digital tools for teaching. Many teachers can only play simple courseware,
making it difficult for them to deeply integrate technology with teaching. In terms of curriculum
adaptation, a large number of introduced high-quality educational resources are based on the
cognitive level and life experience of urban students, which are not in line with the actual needs of
rural students. For example, some of the science curriculum content on the National Wisdom
Education Public Service Platform involves scenarios such as visits to urban science and technology
museums and the operation of intelligent robots, which are difficult for rural students to understand
and participate in due to a lack of relevant experience. In addition, students' participation is also
affected by weak family support and network stability. The 53rd Statistical Report on Internet
Development in China released by the China Internet Network Information Centre (CNNIC) shows
that although the household broadband access rate in rural areas has increased to 72.3%, it is still 18.6
percentage points lower than that in urban areas, and the problem of unstable network signals is
prominent, which leads to the online courses being stuck and interrupted, and seriously affects
students' motivation to learn. In a township middle school in Guizhou Province, due to poor network
signals, the originally planned live remote courses were often forced to interrupt, and the students'
learning experience was greatly reduced. As of December 2023, the number of urban Internet users
in China reached 766 million, accounting for 70.2% of the total number of Internet users; the number
of rural Internet users reached 326 million, accounting for 29.8% of the total number of Internet users,
as shown in Figure 2.
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Figure2. Urban-rural structure of Internet users

As of December 2023, China's Internet penetration rate in urban areas was 83.3%, up 0.2
percentage points from December 2022; the Internet penetration rate in rural areas was 66.5%, up 4.6
percentage points from December 2022, as shown in Figure 3.
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Figure3. Internet penetration rate in urban and rural areas

At the level of effectiveness, the actual results of digitization of rural education have fallen short
of expectations. Despite the improvement of hardware equipment, the academic performance of rural
students has not improved significantly. The China Rural Education Development Report 2020-2022
(Wu Zhihui's team) reports that the coverage rate of digital equipment in rural schools in the central
and western regions exceeds 80%, but "the usage rate of the equipment is less than 30%, and the
effect on students' academic performance has not reached statistically significant levels". At the same
time, some teachers are resistant to digital teaching, believing that the new technology increases their
workload and makes it difficult to see obvious teaching effects. Some rural teachers believe that the
teaching load is already very heavy, and that spending a lot of time learning to use the new equipment
does not guarantee that the results will be far better than traditional teaching, so there is resistance to
the new equipment, and this resistance further hinders the promotion and application of digital
teaching.

3.3 Contradictions and Root Causes. An in-depth analysis of the above problems can be divided
into superficial contradictions and deep-rooted problems. The superficial contradictions are mainly
reflected in the lack of a mechanism for updating and maintaining hardware and equipment, the
mismatch between educational resources and the actual needs of villages, and the insufficient digital
skills of teachers. On the one hand, there is a lack of a long-term mechanism for the procurement and
maintenance of hardware equipment, and many schools are unable to update and carry out
professional maintenance in a timely manner due to a lack of follow-up financial support after the
procurement of equipment; on the other hand, there is a lack of a rural perspective in the development
and promotion of high-quality educational resources, which results in resources that "don't fit in the
local context". Teachers' digital skills training is mostly short-term and intensive, lacking continuity
and systematic, making it difficult to meet teachers' actual teaching needs.

The deeper problem involves the lack of rural teachers' subjectivity in digital teaching, as teachers
are mostly passive recipients of technological applications and lack the ability to develop and
innovate on their own; the design of technology does not fully take into account the specificities of
rural education scenarios, ignoring such realities as weak family support, unstable network
environment, etc.; and the lagging behind of the educational evaluation system, which fails to
effectively stimulate digital teaching innovation. Currently, rural teachers are mostly passive
implementers in digital teaching, and the relevant training focuses on technical operation, neglecting
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the cultivation of teachers' independent development and innovation ability of digital teaching content.
Teachers are unable to create and integrate resources according to the actual teaching in rural areas,
making it difficult to form a digital teaching system with rural characteristics. At the same time,
technology designers and developers have not fully considered the special scenarios of rural education
in the process of product development, and there are significant differences between rural families
and urban families in terms of educational resources, educational concepts, and accompanying time,
etc. Rural students lack digital learning support at the family level. In addition, the current education
evaluation system is still based on the traditional promotion rate and examination results, and there
is a lack of scientific standards for evaluating the results of digital teaching, so the effectiveness of
digital teaching in cultivating students' comprehensive literacy and broadening their horizons is
difficult to be reflected in the existing evaluation system, which discourages teachers from carrying
out digital teaching.

Through comprehensive analyses of policies, data, cases and studies, the current situation and
problems in the digitalization of rural education are clearly presented. These problems are intertwined
and seriously constrain the development of rural education digitization, and targeted solutions are
needed to promote the real transformation of media technology into the development effectiveness of
rural education.

4. Optimizing the Path to Media Empowerment

4.1 Scenario Adaptation for Technology Design. Existing rural education digital equipment and
resources are mostly developed in a standardized mode, ignoring the special characteristics of the
rural network environment and teaching conditions, which leads to the application of technology "not
suited to the soil”. Optimization of technology design should be based on the core of "lightweight",
reducing the dependence of technology application on hardware and network, and improving its
applicability in rural scenarios. Enhance the construction of rural community and family networks,
so that they can shift from "weak connection™ to "strong connection” [8].

On the one hand, the development of low-bandwidth-dependent tools is a key breakthrough. In
remote villages with unstable network signals, it is difficult to transmit video-based teaching
resources, while voice-interactive learning apps can effectively ease network pressure by virtue of
their small data transmission volume and convenient interaction. For example, "Al Language
Teaching Assistant™ provides students with services such as text reading assessment and poetry
recitation guidance through voice recognition and synthesis technology, which can achieve
personalized learning counselling without the need for large amounts of video data transmission. In
addition, offline learning tools can be promoted, such as pre-storing teaching courseware, question
banks and other resources to smart devices, so that students can still learn normally in a network-less
environment and solve the problem of network constraints. Therefore, the construction of digital
education platforms in rural areas must be multi-functional and comprehensive, covering education,
information and technology [9].

On the other hand, building a localized resource base can enhance the relevance of educational
resources to rural life. Strengthen the cooperation between the government and social organizations
to promote the docking of urban and rural educational resources [10]. Traditional educational
resources are mostly modelled on urban scenes, which are difficult for rural students to understand.
Incorporating rural production and life scenes into the curriculum design can significantly improve
the teaching effect. For example, the introduction of the "farmland measurement” case in the
geometry course, with the measurement of common land shapes in the countryside as an entry point,
explaining the knowledge of graphic area and perimeter calculation; in the biology course, combined
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with the practice of crop planting and poultry breeding in the countryside, explaining the laws of
growth of plants and animals. In this way, the difficulty of learning can be reduced and the interest
of students can be stimulated, so as to realize the in-depth integration of knowledge transfer and the
actual needs of the countryside.

4.2 Synergistic Co-construction of Master Capacities. The sustainable development of digital
rural education relies on the comprehensive improvement of the capacity of teachers, students and
other subjects. In the past, it was difficult to form a long-term mechanism for the "blood transfusion”
assistance of "donating equipment and conveying resources”, and it is necessary to shift to the "blood-
creation” development path centered on capacity building, so as to realize the transformation of the
main body from a passive recipient to an active creator. It is necessary to shift to a "blood-forming"
development path centered on capacity building, so as to realize the transformation of the main body
from passive recipient to active creator.

In terms of teacher empowerment, a ""seed teacher" program can be implemented. Teachers in rural
schools who are highly sensitive to technology and have strong teaching abilities are selected as "seed
teachers" and provided with systematic and progressive training in digital technology, covering
digital teaching design, teaching resources development, online teaching organization, etc. These
"seed teachers" are responsible for developing teaching cases with local characteristics through the
"County Teaching and Research Community". After mastering the technology, these "seed teachers"
are responsible for developing teaching cases with local characteristics, and sharing and exchanging
experiences through the "County Teaching and Research Community". Regular online and offline
hybrid teaching and research activities are carried out, and the "seed teachers" share their experience
in using short videos to record village life and develop local curriculum resources, so that teachers in
the county can improve their digital teaching skills.

The student population also has the potential to contribute to the digitalization of education. The
"Family Digital Classroom™ campaign encourages students to pass on the digital technology
knowledge they have learnt at school to their grandparents, which not only consolidates their own
learning achievements, but also extends the scenarios of technology use and enhances digital literacy
at the family level. Schools organize weekly "Digital Skills Sharing Sessions™ for students, and
students teach their parents to use their mobile phones to access learning materials and participate in
online parent-teacher conferences when they go home, which effectively improves the digital learning
environment in the family, while enhancing students' sense of responsibility for their learning and
their sense of achievement.

4.3 Social Synergy Network Support. The digitalization of rural education is a systematic project,
and it is difficult to achieve the goal by relying only on a single subject or on the improvement of
local links; it is necessary to build a support network in which the government, enterprises and social
organizations work together to form a multi-party synergy. Establish a long-term cooperation
mechanism to promote cooperation between external institutions and rural education. NGOs,
enterprises and other external institutions should actively participate in the digital transformation of
rural vocational education [11].

At the government level, it should play a coordinating and resource-guaranteeing role. A special
fund for rural education digitization has been set up at, which not only guarantees the procurement of
hardware equipment, but also focuses on supporting network operation and maintenance, technical
training, resource development and other ongoing work. For example, Guizhou Province has set up
a network operation and maintenance guarantee system for rural schools through special allocations
from the provincial finance to ensure the stable operation of school networks in remote areas. At the
same time, the policy guidance mechanism has been improved, and the effectiveness of rural
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education digitization has been incorporated into local education assessment indicators to stimulate
the enthusiasm of the grassroots to promote digitization.

As the main force of technological innovation, enterprises need to develop customized products
and services according to the needs of villages. Technology companies can develop offline question
banks and lightweight teaching software for rural network conditions and teaching characteristics.
For example, an education technology enterprise launched an offline learning platform, built-in
primary to junior high school subjects of knowledge to explain, exercise training resources, students
can download offline use, to solve the problem of poor network. In addition, enterprises can also
provide technical support and after-sales service through co-operation with schools to ensure the
normal operation of equipment and software.

The intervention of public welfare organizations can inject flexible support for the digitization of
rural education. Recruiting "digital teaching volunteers" to provide ongoing technical training and
coaching for rural teachers and students, by enhancing the digital literacy and teaching ability of rural
teachers, so that they can be proficient in the use of digital technology in their teaching and at the
same time become a bridge to transfer trust in digital education between rural students and parents
[12]. For example, Teach for China regularly organizes volunteers to go to rural schools to provide
digital teaching skills training and online course design guidance. At the same time, public interest
organizations can play the advantage of resource integration, linking the strengths of all parties in
society, introducing more high-quality educational resources to rural schools, and promoting the
improvement of the digital ecosystem of rural education.

Through the cross-regional co-operation platform, rural schools can share technology, educational
experience and other resources with educational institutions and research institutes in different
regions and fields. Through such co-operation, rural schools can be exposed to more advanced
educational concepts and teaching methods, thus improving the quality of teaching [13]. And through
the scene adaptation of technology design, the collaborative co-construction of the subject's ability,
and the construction of social synergy network, it can effectively crack the problems in the
digitalization process of rural education, realize the transformation of media technology from "form
empowerment™ to "substance efficiency”, and provide solid support for the rural education It can
effectively solve the problems in the digitalization process of rural education, achieve the
transformation of media technology from "form empowerment™ to "substance efficiency"”, and
provide solid support for the revitalization of rural education.

5. Conclusions and Discussion

5.1 Research Summary and Key Findings. The digital transformation of rural education is
highly expected in the context of the rural revitalization strategy, but the many problems exposed in
practice warn us that we must get rid of the myth of "technological determinism". "Technological
determinism™ believes that technology is the only decisive force driving social change, and in the
process of digitalization of rural education, this notion has led to excessive attention to the stacking
of hardware equipment and the introduction of technological tools, while neglecting the needs of the
educational subject, the specificity of the rural educational scene and the complexity of the social
ecology. In fact, technology is not omnipotent, simply increase hardware investment, the introduction
of standardized digital resources, cannot fundamentally crack the urban-rural digital divide, it is more
difficult to achieve substantial improvement in the quality of rural education.

Research confirms that the digital transformation of rural education needs to return to the logic of
"people-centered” empowerment. As the core subject of educational activities, people's mobility and
creativity are key factors in determining the effectiveness of education. In the rural education scenario,
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whether it is the pedagogical innovation of teachers, the active learning of students, or the
participation of families and social forces, it is necessary to meet the needs of human development as
the starting point and landing point. Only by respecting the subjective status of rural teachers and
students and paying attention to their practical difficulties and demands in digital transformation can
technology truly serve education and teaching, rather than becoming a "technological shackle" that
adds to the burden.

The three-dimensional path of "scenario design - subjectivity activation - ecological synergy"
provides an effective solution for the digital transformation of rural education. Scenario-based design
emphasizes the adaptation of technical tools and educational resources to the special environment of
villages, and reduces the threshold of digital technology application and enhances its applicability
through lightweight and localized technology development and resource construction; subjective
activation focuses on stimulating the subjective initiative of teachers and students, transforming
teachers from passive implementers of technology to the leaders of teaching innovation, and allowing
students to grow from passive recipients of knowledge to active explorers; ecological synergy is
committed to building a government, enterprises, social organizations and other multi-participants to
participate in the digital transformation of rural education. Ecological synergy is committed to
building a support network involving the government, enterprises and social organizations,
integrating the resources and advantages of all parties, and forming a strong synergy to promote the
digital development of rural education. The three are interrelated and progressive, jointly promoting
the in-depth integration of media technology and rural education ecosystem, and realizing the leap
from technology application to education effectiveness enhancement.

However, the digital transformation of rural education still faces many challenges and unanswered
questions. For example, how to establish a long-term mechanism to ensure the continuous updating
and optimization of technological tools and educational resources, how to balance the relationship
between standardized educational requirements and the unique development of rural education, and
how to quantitatively assess the actual effect of media empowerment on the quality improvement of
rural education. Future research can further focus on these issues and explore more precise and
effective solutions through empirical analyses, case tracking and other methods. Meanwhile, with the
development of artificial intelligence, virtual reality and other emerging technologies, how to deeply
integrate them with rural education to create more diversified and personalized educational scenarios
is also a direction worthy of in-depth exploration.

The digital transformation of rural education is a long-term and complex systematic project. Only
by adhering to the "people-centered™ principle and through scientific and reasonable path design and
multi-party synergy can we truly give full play to the empowering value of media technology,
promote the revitalization of rural education, and realize the beautiful vision of educational equity.
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Abstract. With the rapid advancement of artificial intelligence technologies, intelligent learning tools
are playing an increasingly critical role in reshaping modern education. Among them, DeepSeek—a
next-generation large language model platform optimized for complex language understanding and
contextual reasoning—offers a powerful and adaptive framework for personalized learning. Its
integration of natural language processing, retrieval-augmented generation, and interactive dialogue
systems allows learners to engage in dynamic, inquiry-based exploration across a wide range of
disciplines. This paper presents a systematic investigation into how DeepSeek can be applied
throughout the learning process, including the construction of individualized study plans, in-depth
knowledge acquisition, automated self-testing and feedback, intelligent note-taking, and
interdisciplinary problem solving. By simulating expert-like guidance and offering tailored learning
pathways, DeepSeek supports not only cognitive development but also metacognitive awareness,
helping students identify and overcome learning gaps in real time. Through empirical case studies
and functional analysis, we demonstrate that the use of DeepSeek significantly enhances learning
efficiency, fosters deeper conceptual understanding, promotes active learning behaviors, and
cultivates critical and creative thinking skills. These findings suggest that DeepSeek has considerable
potential as a transformative educational tool, capable of supporting student-centered, self-regulated,
and lifelong learning in both formal and informal educational settings. The study concludes with a
discussion of its implications for future Al-assisted learning environments and the evolving role of
educators in the age of intelligent systems.

Keywords: Artificial intelligence in education; DeepSeek; Personalized learning; Large language
models; Critical thinking

1. Introduction

In recent years, the integration of artificial intelligence (Al) into education has ushered in a
paradigm shift, redefining how knowledge is delivered, acquired, and assessed. Among the most
promising developments in this domain is the emergence of large language models (LLMs), which
possess the ability to understand, generate, and interact with natural language in a human-like manner.
These models, when applied to learning contexts, have the potential to simulate expert guidance,
support autonomous learning, and provide learners with real-time, adaptive feedback. As educators
and researchers continue to explore the educational applications of LLMs, attention is increasingly
turning to platforms specifically optimized for educational use and multilingual environments [1].

DeepSeek represents a new generation of LLM platforms that combines high-performance
language modeling with knowledge retrieval and context-aware reasoning, tailored especially for
Chinese and bilingual learning scenarios. Unlike traditional search engines or static digital resources,
DeepSeek engages users in multi-turn, personalized dialogues, enabling dynamic scaffolding of
knowledge, step-by-step problem solving, and content generation tailored to the learner’s level and
goals. Such capabilities make it a valuable tool not only for content delivery but also for fostering
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higher-order thinking skills such as analysis, synthesis, and evaluation.

This paper investigates the educational potential of DeepSeek by examining how it can be
effectively utilized across key aspects of the learning process. From personalized study planning and
concept explanation to automated testing and interdisciplinary exploration, we analyze the
affordances and challenges of DeepSeek in supporting self-regulated and deep learning. Our goal is
to provide both a conceptual framework and practical insights into how Al-driven platforms like
DeepSeek can reshape the landscape of modern education [2].

2. DeepSeek Platform Overview

DeepSeck is a state-of-the-art large language model platform designed specifically for educational
applications. Built on cutting-edge natural language processing (NLP) and deep learning technologies,
it integrates multiple Al techniques, including language comprehension, reasoning, content
generation, and knowledge retrieval. Unlike traditional Al systems that focus primarily on question
answering, DeepSeek offers a more comprehensive approach to learning by providing a dynamic,
interactive learning environment that adapts to individual learners’ needs [3]. The platform
architecture of DeepSeek is shown in Figure 1 below.

DeepSeek Platform

|
l | l
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Key Features of DeepSeek Applications in Education
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Figure 1. DeepSeek platform architecture diagram

2.1 Key Features of DeepSeek.

Multimodal Interaction. DeepSeek is capable of engaging in multi-turn dialogues, where learners
can ask follow-up questions, seek clarification, and explore concepts in greater depth. This ongoing
interaction fosters an active learning environment, allowing learners to control the pace of their
learning and delve deeper into topics as needed.

Context-Aware Knowledge Retrieval. DeepSeek’s knowledge retrieval system combines the
power of large-scale data search with sophisticated content generation. It can access vast knowledge
bases to retrieve relevant information in real-time, ensuring that learners receive accurate,
contextually appropriate responses. This integration of knowledge retrieval and generation offers a
robust solution to the problem of information overload, providing learners with focused, on-demand
learning materials.

Personalized Learning Paths. One of the most significant advantages of DeepSeck is its ability
to create personalized learning pathways. Based on the learner’s preferences, prior knowledge, and
goals, DeepSeek customizes content delivery and suggests next steps, ensuring that learning is
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targeted and efficient. This adaptability is particularly valuable in diverse educational contexts, where
learners have varying levels of expertise and different learning styles [4].

Cross-Disciplinary Support. DeepSeek is designed to assist learners across multiple subjects,
from the humanities to the sciences and engineering. Its flexible architecture allows it to generate
content and explanations in diverse areas, supporting interdisciplinary learning. This capability is
especially useful for learners interested in building connections between different domains of
knowledge, fostering holistic and integrative thinking.

Cross-Disciplinary Support. DeepSeek is designed to assist learners across multiple subjects,
from the humanities to the sciences and engineering. Its flexible architecture allows it to generate
content and explanations in diverse areas, supporting interdisciplinary learning. This capability is
especially useful for learners interested in building connections between different domains of
knowledge, fostering holistic and integrative thinking.

Real-Time Feedback and Assessment. DeepSeek not only provides learners with explanations
and resources but also offers real-time feedback on their progress. By analyzing learner responses,
DeepSeek can generate quizzes, practice questions, and interactive tests to assess understanding.
Additionally, it can highlight areas of weakness, providing targeted recommendations for
improvement, and guide learners through challenging concepts.

2.2 Technology and Architecture. DeepSeek leverages advanced deep learning models,
particularly transformer-based architectures, which have demonstrated outstanding performance in
NLP tasks. These models are trained on vast amounts of textual data to understand language nuances
and generate contextually relevant outputs. In addition to these models, DeepSeek incorporates
reinforcement learning techniques to optimize interaction patterns and content delivery, making the
system more efficient and learner-centric [5].

The platform also integrates external knowledge bases and APIs, allowing it to retrieve and
synthesize information from trusted sources, ensuring that the content provided to learners is both
accurate and up to date. This hybrid model of language generation and retrieval sets DeepSeek apart
from traditional Al systems that rely on either one or the other.

2.3 Applications in Education. DeepSeek has broad potential for enhancing various aspects of
the educational process. In classrooms, it can serve as an interactive tutor, providing personalized
explanations and guiding students through complex topics. It can also be used to automate the grading
of assignments and tests, saving educators valuable time. For self-learners, DeepSeek offers an
accessible and engaging way to study at their own pace, making education more flexible and inclusive.

3. Core Applications of DeepSeek in Learning

DeepSeek offers a wide range of applications that support various aspects of the learning process.
By leveraging its advanced Al capabilities, learners can benefit from personalized learning
experiences, deeper engagement with content, and continuous feedback on their progress. This
chapter outlines the core applications of DeepSeek in educational settings, focusing on how the
platform enhances study planning, knowledge acquisition, self-assessment, content generation, and
interdisciplinary exploration. DeepSeek's ability to create adaptive learning paths allows learners to
progress at their own pace, ensuring that they spend more time on challenging topics and less time
on concepts they already understand. This system reduces the stress of navigating through broad
course materials and promotes more efficient use of time [6]. The core application architecture of
DeepSeek is shown in Figure 2 below.
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Figure 2. Core application architecture of DeepSeek

3.1 Personalized Study Planning. One of DeepSeck’s most valuable features is its ability to
create personalized study plans for learners. By analyzing a learner’s goals, existing knowledge, and
preferred learning pace, DeepSeek generates a tailored study schedule that outlines what content to
focus on and when. This personalized approach ensures that learners remain on track and prioritize
their studies according to their individual needs.

3.2 In-Depth Knowledge Acquisition. DeepSeek is not just a tool for answering questions; it
serves as an interactive tutor that helps learners acquire and deeply understand knowledge. Learners
can ask complex questions, request explanations of difficult concepts, and even explore multiple
angles of a particular topic. This facilitates deep learning by encouraging learners to engage with
content actively and reflect on their understanding. DeepSeek’s ability to break down concepts into
understandable steps, provide real-world examples, and offer alternative explanations enhances the
learning experience. This dynamic approach helps learners understand abstract concepts, retain
information longer, and apply knowledge more effectively.

3.3 Self-assessment and Continuous Feedback. Another key application of DeepSeek is its
ability to support self-assessment through quizzes, practice exercises, and real-time feedback. After a
learner completes an activity or a set of questions, DeepSeek provides immediate feedback,
highlighting areas of strength and identifying potential gaps in knowledge. This helps learners
monitor their progress and adjust their study strategies accordingly. The platform’s ability to assess
performance continuously empowers learners to take control of their educational journey. By
identifying weak points in understanding, DeepSeek can suggest targeted revision materials and
exercises to help learners improve in specific areas [7].

3.4 Content Generation and Summarization. DeepSeek excels at generating educational content,
including summaries, explanations, and examples. Learners can request summaries of lengthy articles,
textbook chapters, or research papers, and DeepSeek will distill the most important information in a
concise format. This feature is particularly useful for learners who need to digest large amounts of
material quickly. In addition to summarizing, DeepSeek can generate practice problems, essays, and
even research-style content, enabling learners to not only understand concepts but also practice
applying them in various contexts. This feature is especially beneficial for students working on
assignments, research projects, or exam preparations.

3.5 Interdisciplinary Exploration and Integration. DeepSeek fosters interdisciplinary learning
by helping learners connect knowledge across subjects. For instance, learners can integrate concepts
from mathematics, physics, and computer science, exploring how theories in one field apply to
problems in another. This cross-disciplinary approach encourages holistic thinking and helps learners
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gain a more comprehensive understanding of complex issues. By bridging the gap between different
academic disciplines, DeepSeek enables learners to apply knowledge in a more integrated manner.
This approach promotes critical thinking, problem-solving skills, and creativity, as learners are
encouraged to see the connections between diverse areas of study.

This chapter highlights the versatile applications of DeepSeek in fostering personalized, interactive,
and deep learning experiences. By providing tailored study plans, offering continuous feedback,
generating content, and enabling interdisciplinary exploration, DeepSeek empowers learners to take
charge of their educational journeys and enhance their critical thinking and problem-solving skills

[8].

4. Advantages of DeepSeek in Learning

In this chapter, we will explore the unique advantages of DeepSeek in learning, particularly how
it optimizes learning outcomes and enhances the learning experience through personalized learning,
continuous feedback, increased learner engagement, and extended application scenarios. These
advantages not only help improve academic performance but also stimulate learners' interest in
learning, fostering critical thinking and autonomous learning skills.

4.1 Personalized Learning Experience. One of the key advantages of DeepSeek is its ability to
provide a personalized learning experience tailored to each learner's needs, progress, and learning
preferences. By analyzing a learner's goals, existing knowledge, and study habits, DeepSeek creates
a customized learning path, ensuring that the content aligns with the learner's current level while
presenting an appropriate level of challenge. This approach helps boost motivation and efficiency in
learning.

For example, DeepSeek can dynamically adjust the depth and difficulty of learning materials based
on the learner's mastery of a subject, ensuring they spend more time on areas they find challenging
and less time on concepts they already understand. This personalized approach helps avoid student
burnout and increases learning outcomes [9].

4.2 Continuous Feedback and Support. DeepSeek provides real-time feedback, helping students
correct errors and track their learning progress. This continuous interaction and feedback mechanism
helps learners stay on track, ensuring they do not deviate from the correct learning path due to the
lack of immediate guidance.

Whether through automated answer explanations, problem breakdowns, or generating
personalized practice questions, DeepSeek provides ongoing resources to help students improve.
With timely feedback, students can identify weak areas and adjust their learning strategies, leading to
better overall learning outcomes.

4.3 Increased Learner Engagement and Interactivity. DeepSeek enhances learner engagement
and makes the learning process more enjoyable by offering personalized interactions. Through
conversational learning, DeepSeek not only answers questions but also guides learners to explore
deeper knowledge, promoting active learning. For instance, DeepSeek encourages learners to think
critically through questioning, explanations, and topic expansions, dynamically adjusting the content
and approach based on learners' responses.

This interactivity ensures that students are not passive recipients of knowledge but active
participants in the learning process, boosting motivation and overall learning effectiveness.

4.4 Flexible Learning Pace and Adaptability. DeepSeek supports learners in adjusting their
learning pace according to their own time availability and learning needs. This flexibility allows
learners to tailor their learning schedules, ensuring that learning plans are not overly influenced by
external factors. For example, students can adjust their study plans based on daily learning hours,
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weekend availability, and areas that need further mastery, concentrating on concepts requiring more
practice and understanding.

This adaptability ensures that learners can optimize their learning experience, whether they need
to speed up or slow down based on their progress.

4.5 Expanding Learning Applications. DeepSeek is not limited to traditional classroom learning.
It extends to various learning scenarios and fields, including but not limited to academic research,
professional skills training, and language learning. With its broad coverage of multidisciplinary
knowledge, DeepSeek helps students engage in cross-disciplinary learning. For example, learners can
use DeepSeck to study programming, data science, languages, and more, while receiving precise
guidance and support tailored to each subject.

4.6 Support for Lifelong Learning and Self-Improvement. With the increasing demand for
lifelong learning, DeepSeek provides continuous support for adult learners. Whether for professional
skills training, personal interest expansion, or further education, DeepSeek can offer customized
learning plans. It helps learners stay competitive in the ever-evolving job market by providing
continuous skill development opportunities, making it an invaluable resource for career enhancement.

4.7 Efficient Resource Utilization and Time Savings. DeepSeek optimizes time usage by
automating learning planning and resource allocation. It adjusts learning tasks according to the
learner's schedule and progress, ensuring the most efficient use of study time. This efficient allocation
of learning resources not only saves time but also maximizes learning outcomes in limited time [10].

5. Challenges of DeepSeek in Learning

While DeepSeek offers a range of benefits in enhancing the learning experience, it also faces
several challenges in its application within the educational landscape. These challenges arise from
technological, ethical, and practical concerns that need to be addressed in order to maximize the
effectiveness of the platform. In this chapter, we will explore the key challenges that DeepSeck faces
in the learning process and propose potential solutions for overcoming them.

5.1 Technological Limitations. Despite its advanced capabilities, DeepSeek's technology is not
without limitations. One of the primary challenges is the dependency on data quality and quantity.
For DeepSeek to generate accurate and personalized learning recommendations, it requires large
amounts of high-quality data, including learning history, academic performance, and user behavior
patterns. Inadequate or biased data can lead to inaccurate recommendations, limiting the platform's
effectiveness.

Additionally, DeepSeek's Al models may struggle with highly specialized or niche subjects that
lack sufficient learning material or content. While the platform excels in commonly studied fields, it
may need further development to offer tailored support for advanced or less mainstream topics.

5.2 Data Privacy and Security. The collection and analysis of vast amounts of personal data,
such as students' learning patterns, progress, and preferences, raise significant privacy and security
concerns. Students may feel hesitant to share personal information, particularly in regions with
stringent data protection laws, such as the European Union's GDPR.

Ensuring that DeepSeek complies with privacy regulations and adopts robust data protection
measures is crucial. The platform must establish transparent policies about data collection and usage,
as well as offer learners’ control over their data, to mitigate privacy concerns and foster trust.

Therefore, developers need to focus on ensuring the fairness of algorithms and avoid algorithmic
bias. On one hand, diverse datasets can be used to train Al systems, ensuring that they do not favor
any specific group. On the other hand, making the Al decision-making process transparent can ensure
that it can withstand scrutiny and verification.
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5.3 Over-reliance on Al. Another challenge is the potential for learners to become overly reliant
on DeepSeek for their educational needs. While DeepSeek offers personalized support, it cannot fully
replace the role of human teachers or critical thinking skills. Students might use the platform as a
shortcut rather than engaging deeply with the material themselves.

To mitigate this, DeepSeek should encourage learners to think critically and engage in active
learning. The platform could incorporate prompts that challenge students to analyze information,
question assumptions, and develop independent viewpoints, helping to maintain a balanced approach
to learning [11].

5.4 Equity and Access to Technology. The widespread adoption of DeepSeek requires access to
advanced technologies, such as high-speed internet and powerful computing devices. In regions with
limited access to such resources, students may be excluded from benefiting fully from the platform.
This digital divide could exacerbate existing educational inequalities, particularly in underserved or
rural areas.

To address this challenge, efforts should be made to make DeepSeek accessible to a broader
audience, including providing offline functionalities or optimizing the platform for lower-end devices.
Partnerships with governments or educational organizations could help bring the platform to
underserved areas.

5.5 Pedagogical Adaptation. Integrating DeepSeek into traditional educational settings presents
a challenge for teachers who may not be familiar with Al-driven tools or may be hesitant to adopt
new technology. Teachers need adequate training and support to effectively incorporate DeepSeek
into their teaching strategies and classroom management.

Professional development programs and resources should be offered to educators to help them
understand how to use DeepSeek effectively and complement their teaching methods. Additionally,
the platform should be designed in a way that seamlessly integrates into existing curricula and
teaching frameworks.

6. Conclusion and Outlook

6.1 Conclusion. In this paper, we explored the transformative role of DeepSeek as an Al-powered
platform in the educational landscape. From personalized learning pathways to continuous feedback,
enhanced learner engagement, and interdisciplinary exploration, DeepSeek offers a wealth of
advantages that have the potential to significantly improve the learning process for students of all
backgrounds.

We highlighted DeepSeek’s core applications in facilitating personalized study plans, generating
content, and fostering critical thinking and problem-solving skills. These features not only help
learners achieve better academic outcomes but also empower them to take control of their own
educational journey. Additionally, DeepSeek’s capacity for interdisciplinary learning broadens the
scope of knowledge and encourages learners to connect ideas across various domains, enhancing their
overall understanding of complex issues.

However, we also identified several challenges that DeepSeek must overcome, including
technological limitations, data privacy concerns, the risk of over-reliance on Al, equity issues, and
the need for pedagogical adaptation in traditional educational settings. Addressing these challenges
is crucial for the platform's success in creating a sustainable and effective learning environment for
all users.

6.2 Outlook. Looking ahead, the future of DeepSeek in education is promising, with numerous
possibilities for growth and innovation. As Al technology continues to advance, DeepSeek is poised
to further enhance its capabilities, offering even more accurate and adaptive learning experiences. In
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the coming years, we can expect the platform to integrate more sophisticated AI models, expand its
coverage across more subjects, and refine its personalized learning algorithms to better meet the
diverse needs of learners.

Moreover, as DeepSeek continues to evolve, it will likely play an increasingly vital role in
fostering lifelong learning. The ability to provide tailored learning experiences not only for students
in formal education but also for adult learners seeking to improve their skills or transition into new
careers, will make DeepSeek an indispensable tool in the future of education. Furthermore, with the
potential for integrating DeepSeek into hybrid and remote learning environments, the platform could
serve as an invaluable resource for learners who are outside traditional educational settings.

On the horizon, DeepSeek could also address global educational disparities by providing equitable
access to high-quality learning tools. Efforts to overcome the digital divide, such as offering offline
features or optimizing for low-end devices, could help ensure that learners from underserved regions
can benefit from the platform. Partnerships with governments, educational institutions, and non-profit
organizations could further expand DeepSeek’s reach, making it accessible to a broader audience.

In conclusion, while challenges remain, the continued development and implementation of
DeepSecek has the potential to revolutionize education by providing learners with more personalized,
adaptive, and engaging learning experiences. By embracing new technologies and addressing existing
challenges, DeepSeek can help create a more inclusive, efficient, and dynamic learning environment
for future generations of students.
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Abstract. To address outdated content, limited methods, and low engagement in computer network
experimental teaching, this paper proposes an optimized strategy using Huawei’s eNSP simulation
platform. Leveraging eNSP’s robust simulation and interactive capabilities, a multi-level teaching
system is designed around core network concepts. Through two-layer and three-layer topologies and
packet capture analysis, the plan strengthens understanding of data link and network layers. An
integrated online exam environment further enhances the teaching process. Practical application
shows improved student skills, better integration of theory and practice, and increased learning
motivation. This strategy provides valuable insights for reforming network teaching in applied
universities.
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1. Introduction

With the rapid advancement of information technology, computer networks have become
increasingly diverse, complex, and virtualized. In response to the growing national demand for skilled
network professionals, university students must not only master foundational theoretical knowledge
but also cultivate practical skills in areas such as network deployment, management, troubleshooting,
fault diagnosis, and data analysis.

Computer networking courses, by nature, rely heavily on hands-on practice. However, traditional
teaching methods often struggle to support large-scale [1], repeatable experiments due to the high
cost and operational complexity of real network hardware. To address these challenges, many
universities have turned to virtual simulation platforms, which provide students with realistic network
experiences while significantly enhancing the interactivity and effectiveness of instruction.

This paper introduces and implements a teaching model supported by the Huawei eNSP network
simulation platform. Through configuring Layer 2 network topologies, students gain a deeper
understanding of the data link layer; Layer 3 configurations help clarify core principles of the network
layer; and data packet capture and analysis exercises further bridge the gap between theory and
practice [2]. Practical application has demonstrated that the eNSP platform effectively simulates real-
world network scenarios and substantially improves students’ engagement and hands-on abilities.

Moreover, the virtualization capabilities of eNSP remove the traditional dependency on physical
hardware and classroom space. The platform not only enables remote instruction but also allows
students to perform experiments on their own schedules, aligning well with the growing trend toward
online education and digital transformation. Through this system, students can efficiently complete
network configuration tasks [3], become proficient in mainstream device command interfaces, and
build a strong foundation for future career development.

2. Theoretical Basis and Development of the OBE Model

The content of computer network courses is inherently complex, encompassing a wide range of
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protocols and technologies that span from the physical layer to the application layer, as illustrated in
Figure 1. In traditional experimental teaching, tools such as packet capture software and data analysis
programs are typically employed to help students visualize data units and understand the transmission
mechanisms of various protocol layers. While these methods can deepen students' comprehension of
protocol principles to some extent, the overall instruction remains theory-oriented and lacks
systematic training in areas such as network configuration, end-to-end architecture design, and
comprehensive network analysis.

This issue is particularly evident in applied undergraduate institutions, where the emphasis should
be placed on developing students’ practical skills and vocational competencies. However, the
experimental design of many computer network courses still falls short of meeting the actual demands
of the industry for skilled professionals in applied network technologies [4]. As a result, students
often struggle to bridge the gap between theoretical knowledge and real-world engineering
applications, limiting the development of their hands-on capabilities and comprehensive problem-
solving skills.

The OSI Reference Model The TCP/IP Reference Model

Application Layer

Presentation Layer Application Layer

Session Layer

Transport Layer Transport Layer

Network Layer Network Layer

Data Link Layer

1]

Physical Layer Network Access Layer

Figure 1. Computer network structure

In recent years, many universities have established physical hardware environments such as
campus network laboratories, specialized rooms for network technologies, and practice-oriented
network operation labs. These efforts have significantly improved the infrastructure for teaching
computer network courses and expanded the available teaching resources. Within such environments,
students have the opportunity to interact with various types of real network equipment—such as
switches, routers, and firewalls—across different brands and models, and can perform basic
configuration tasks and operations. However, simply upgrading hardware facilities is not sufficient
to fundamentally enhance the quality of teaching in computer networking [5]. In actual classroom
practice, several persistent challenges remain.

2.1 Restricted Teaching Content. Computer networking courses often accommodate large
student cohorts. Relying entirely on physical equipment for experimental teaching leads to difficulties
in resource allocation and constrains the scope of instruction. Due to limitations in device quantity
and space, instructors frequently can only schedule basic operations such as powering up devices and
conducting initial configurations. As a result, advanced tasks—Ilike building complex topologies,
debugging protocols, and simulating faults—are seldom implemented. This greatly hinders students
from gaining a deeper understanding of networking concepts or applying them meaningfully in
practice.

Additionally, constructing physical network topologies involves complicated wiring [6], physical
device connections, and layout planning. These operational complexities often divert students’
attention from core learning objectives, causing them to focus excessively on procedural details rather
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than the underlying design logic or communication principles. This leads to rote, surface-level
learning that undermines the goals of experimental instruction and weakens students’ abilities in
critical thinking and network analysis.

2.2 Low Configuration Efficiency. Network experiments typically require configuring devices
such as switches, routers, and firewalls through either command-line interfaces (CLI) or graphical
user interfaces (GUI). In a physical lab setting, limited equipment forces students to work in groups,
reducing opportunities for individual hands-on practice. Often, only a few students can actively
operate the devices, while the rest merely observe, resulting in a passive learning experience. This
widespread “look but don’t touch” phenomenon severely limits student engagement and practical
skill development.

Although this group-based operation may superficially fulfill instructional goals, it undermines
students’ active involvement and weakens the cultivation of practical competencies. Without direct
interaction, students struggle to internalize key operational processes and face difficulties
independently configuring and deploying network systems later in their studies or careers.

2.3 High Construction and Maintenance Costs. Supporting experimental teaching in computer
networks typically requires the purchase of substantial hardware resources—including routers,
switches, and firewalls—along with auxiliary facilities like racks and power supplies, representing a
significant financial investment. In practice, schools often implement group-based, rotational use of
the equipment, but it remains challenging to achieve the ideal scenario of one device per student.

Moreover, the setup, testing, and daily maintenance of these devices require dedicated technical
personnel, leading to high labor costs and frequent maintenance issues. Students’ misoperations can
damage equipment, increasing repair expenses and complicating management. Additionally, with
rapid advances in network technologies, the lifecycle of hardware devices has shortened, making
existing equipment quickly outdated for teaching new protocols or technologies. This not only
hampers the continuous updating of course content but also forces institutions into ongoing spending
cycles, intensifying financial and logistical pressures.

3. The Significance of Virtual Simulation Experiment Teaching

Virtual simulation platforms play an increasingly vital role in modernizing the teaching of
computer network experiments. They offer practical solutions to long-standing problems such as
limited hardware resources, insufficient hands-on time, and low teaching efficiency. As information
technology continues to reshape higher education, these platforms support more flexible, adaptive,
and student-centered learning environments.

A key advantage of virtual platforms is their ability to overcome hardware constraints. Traditional
network labs require expensive investments in switches, routers, servers, and designated lab spaces.
These infrastructures are not only costly to upgrade but often lag behind curriculum development. In
contrast, platforms such as Huawei eNSP can operate on standard Windows-based systems without
demanding high-performance computers. They are easy to install, replicate, and maintain, reducing
the threshold for building network lab environments and supporting long-term, scalable development
of experimental teaching.

The platform enables a “one machine per student” model, removing the bottleneck of shared
devices in physical labs. Students can independently complete experiments on their own computers,
promoting autonomy, engagement, and motivation. Since the platform supports offline use, students
can practice anytime, anywhere—an ideal complement to hybrid teaching models that combine in-
class learning with self-paced practice.
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Virtual simulation also greatly enhances troubleshooting skills. In physical labs, even minor
mistakes—such as incorrect cabling or misconfigured parameters—can lead to experiment failures
and waste valuable teaching time. Virtual platforms provide clear visual interfaces and parameter
displays, allowing students to quickly identify and correct errors. They can explore different
configuration scenarios without the risk of damaging physical devices, boosting their technical
confidence and problem-solving capabilities.

Moreover, virtual simulation breaks the time and space constraints of traditional lab environments.
Physical labs are limited to specific locations and schedules, making it hard to accommodate flexible
learning. With virtual tools, students can access lab environments from dorms, libraries, or remote
locations. This supports remote learning and facilitates synchronous collaboration between students
and teachers across regions. Such flexibility is particularly beneficial during public health
emergencies or when engaging in cross-institutional educational projects [7].

In terms of teaching efficiency, virtual platforms support features such as auto-saving and quick
scene restoration. Students can seamlessly resume previous sessions, enabling iterative improvements
to their configurations and reducing repetitive work. For courses that require rotating use of lab
resources, this function minimizes setup time and ensures continuity in teaching.

Finally, enterprise-grade platforms like Huawei eNSP provide highly accurate simulations of real-
world network environments. These tools replicate the interfaces, behaviors, and protocol logic of
actual hardware devices, allowing students to observe realistic data flows and protocol interactions.
This tightens the link between theoretical study and industry practice, enhances engineering literacy,
and equips students with the skills and mindset needed in professional environments. Teachers, in
turn, can build representative network architectures and use the platform to clearly demonstrate
protocol mechanisms, improving teaching clarity and relevance.

4. eNSP Simulator Assists in Teaching Computer Network Applications

In the theoretical component of computer networking courses, topics such as subnetting and
network address planning are always core areas of focus. By systematically covering subnet masks,
IP address partitioning rules, and subnet design strategies for networks of varying scales, students can
acquire foundational skills in planning network layer structures [8]. However, classroom instruction
alone is often insufficient for students to fully grasp the complexities of network topology
construction. Hands-on methods are essential to reinforce and deepen this understanding.

In practical instruction, the introduction of high-fidelity network simulation platforms such as
Huawei’s eNSP can significantly aid students in configuring commonly used network devices like
routers and switches within virtual environments. By simulating enterprise-level network scenarios,
students not only gain a more intuitive grasp of theoretical knowledge but also develop practical
network engineering skills through repeated practice—enhancing their abilities in design,
implementation, and maintenance.

4.1 Teaching at the Data Link Layer. The data link layer, the second layer of the TCP/IP model,
plays a foundational role in enabling direct communication between hosts. Theoretical lessons at this
level typically cover channel access protocols, collision detection and avoidance in broadcast domains,
the evolution of Ethernet standards, and the mechanisms of data frame forwarding. Instructors also
introduce MAC addressing, frame structures, and the logic behind switch forwarding to build a solid
understanding of link-layer communication.

However, theoretical instruction alone cannot fully convey how the data link layer operates in real-
world networks. Practical training must therefore focus on how this layer functions in local area
network (LAN) environments. Since Ethernet—particularly switched Ethernet—remains the
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dominant standard due to its high bandwidth and minimal collisions, students need hands-on
experience configuring and troubleshooting such systems.

Huawei’s eNSP simulator enables the construction of typical VLAN-based network topologies
(see Figure 2), including multiple switches and end devices, to simulate real-world segmentation
scenarios common in enterprise and campus settings. Students learn to configure VLANS, trunk links,
PVIDs, and other parameters. They also assign IP addresses and default gateways to terminals to test
inter-VLAN communication. This hands-on approach reinforces abstract concepts by applying them
in concrete, realistic configurations—strengthening both technical skills and conceptual
comprehension.
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Figure 2. VLAN Cross switch communication network topology

4.2 Network Layer Teaching. The network layer, situated above the data link layer, plays a
critical role in data forwarding and path selection across multiple networks. Within the TCP/IP
architecture, its core responsibility lies in routing and delivering packets, thereby enabling end-to-
end communication across heterogeneous network environments. Devices operating at this layer
handle protocol data units such as IP datagrams, extract destination IP addresses and subnet
information, and rely on the data link layer for point-to-point transmission.

Key theoretical topics covered in network layer instruction include IP addressing, subnetting and
network planning, the Address Resolution Protocol (ARP), packet forwarding, routing protocols
(such as RIP and OSPF), Virtual Private Networks (VPNs), and Network Address Translation (NAT)
[10]. These topics are not only logically intricate but also essential for real-world network
implementation.

In the practical component of teaching, emphasis is placed on applying these concepts through
exercises involving subnetting, inter-subnet communication, performance tuning, and fault
troubleshooting. Unlike purely theoretical learning, these hands-on activities foster students’ abilities
to configure devices and resolve real networking issues. As the network layer serves as a bridge
between theory and practice, it plays a pivotal role in achieving the goal of “learning by doing.”
Theoretical study helps students grasp the underlying logic of network operations, while practical
training translates that understanding into applicable skills.

To reinforce this integration, Huawei’s eNSP simulation platform is employed to replicate real-
world networking environments. Students engage in configuring IP addresses, implementing routing
protocols, and ensuring connectivity across a three-layer subnet topology (see Figure 3). This process
not only deepens their understanding of network-layer protocols but also enhances their proficiency
in equipment configuration and network planning—skills essential for future networking
professionals.
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Figure 3. Topology structure of three-layer cross subnet communication network

4.3 Teaching on the Connection between Data Link Layer and Network Layer. In network
design, deployment, and maintenance, core competencies involve configuring and troubleshooting
devices—a process rooted in a thorough understanding of both the data link and network layers.
Though distinct in function, these two layers work in tandem to ensure reliable end-to-end
communication through coordinated protocol encapsulation and decapsulation. While the network
layer uses IP addresses for logical routing, the data link layer handles MAC addressing and physical
link control. This interplay is fundamental to networking and represents a key concept in computer
network education.

Importantly, IP and MAC addresses are not interchangeable; they function in a complementary
manner. The close coordination between these layers underpins the stable operation of network
architecture, yet it also poses instructional challenges due to the abstract and complex nature of
protocol interactions. Traditional lectures relying solely on textual explanations or static diagrams
often fall short in conveying the full scope of inter-layer collaboration.

In real-world networks, protocol analysis through packet capture is complicated by high traffic
volume and system complexity, making it difficult for students to isolate relevant protocol behaviors.
To address this, a simplified three-layer topology is constructed within the eNSP environment (Figure
4), allowing packet capture at each device interface. This controlled setup significantly reduces traffic
complexity, enabling students to more easily observe and analyze protocol functions. Focused
exercises on ARP [11] help students understand its operational mechanics. By examining routing
tables, MAC address tables, and ARP caches at different nodes, students gain clear insight into how
the network layer leverages the data link layer to achieve reliable communication at both point-to-
point and end-to-end levels.

Figure 4. End to end data communication process
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5. Build a Course Examination Platform

Assessment is a vital component of computer network courses, serving as a key indicator of
teaching effectiveness and student learning outcomes. However, current assessment mechanisms still
face several challenges that require urgent improvement.

First, the assessment methods are relatively limited in scope. With the widespread adoption of
platforms such as Chaoxing Learning Platform [12], many institutions have successfully transitioned
from traditional paper-based exams to online testing. These platforms enable instructors to distribute
exam content and manage grades efficiently. However, given the hands-on nature of computer
network courses, which emphasize both theoretical understanding and practical skills, online exams
alone cannot fully capture students’ competence—especially in areas such as network configuration
and protocol implementation. These practical components still require either actual network
equipment or simulators, often involving manual grading by instructors. This not only increases the
instructional workload but may also reduce the objectivity and timeliness of evaluations.

Second, assessment frequency tends to be inadequate, making it difficult to monitor students’
progress and knowledge retention over time. Most current assessment practices focus heavily on
midterm and final exams, while lacking formative assessments and continuous feedback mechanisms.
As a result, educators are unable to capture students’ learning trajectory or provide timely
interventions during the learning process.

To address the challenges mentioned above, this article leverages the “Exam Engineering” feature
of Huawei’s eNSP simulator to construct an intelligent assessment platform tailored for online
network courses. This function allows instructors to flexibly design tests, automatically evaluate
student configurations, and enhance grading efficiency and objectivity. In practice, assessment
content can be aligned with course progress and learning objectives, covering key topics such as IP
addressing, VLAN configuration, STP, static routing, OSPF, and DHCP.

By selecting “New Test Paper Project” from the toolbar, instructors can name the project, set the
save path, and enter the exam editor to configure the test environment. The platform’s intuitive
interface enables seamless network topology design, precise definition of assessment points, and clear
configuration of scoring rules, thus creating a realistic and operable hands-on assessment environment

(see Figure 5).
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Figure 5. Exam paper editing interface

In the process of designing exam engineering, the creation of network topology and writing exam
instructions are crucial to ensuring the assessment's effectiveness. Teachers can either draw a new
network topology or use standard templates based on the assessment goals and experimental content.
Careful consideration should be given to the required network elements and protocol configurations
for each assessment point, ensuring the topology is both functional and practical. Additionally,
detailed exam instructions must be written, covering the task background, operational requirements,
configuration goals, and grading criteria. These instructions help students understand the task and
complete it accurately.

Figure 6 illustrates the network topology and exam description interface on the eNSP platform.
Combining graphical topology with clear task descriptions enhances students' guidance and accuracy
in completing the tasks, supporting the practical assessment of online courses.
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Figure 6. Exam topology

After creating the exam papers and standard answers, the eNSP-based exam process involves
several stages, including configuration implementation, paper generation, student responses, result
submission, and grading, forming a complete and closed-loop assessment system.

First, the teacher returns to the topology interface, activates the network devices, and completes
the required configuration tasks on each device according to the exam instructions. To ensure that the
configuration is saved for grading, the teacher must use the "save™ command after completing all
tasks.

Next, the teacher switches to the "Generate Test Paper and Answer" tab, selects the assessment
items, sets scoring criteria, matching conditions, and filtering rules. The system automatically
calculates the scores for each item and generates the necessary files. Parameters like exam timing,
duration, and paper locking can also be adjusted. Once complete, the system outputs two key files: a.
paper exam file and a. model answer file.

Before the test, teachers should verify the exam configuration and scoring logic. After confirming
accuracy, the test paper is sent to the student terminal. During the exam, students complete the
configuration tasks in eNSP and save their work. Once saved, they submit their answers, and the
system generates a “.ans” answer file for grading.

After the exam, the teacher collects the student answer files, opens the "Marking™ module in eNSP,
and compares them to the standard answers. The system automatically evaluates the configurations
and generates grading reports for teachers to review and export.

This automated exam process improves the efficiency and management of practical assessments,
enhancing the accuracy, transparency, and scientific approach to teaching evaluations, supporting the
development of high-quality online course systems.

6. Summary

As network technologies continue to evolve, computer network laboratory courses are playing an
increasingly important role in the cultivation of technical talent at the university level. However,
traditional experimental teaching approaches still face limitations due to resource constraints,
outdated methodologies, and incomplete evaluation systems.

This study explores the integration of Huawei's eNSP network simulation platform into
experimental teaching, demonstrating its potential to overcome existing limitations. With its high
degree of simulation accuracy, flexible operations, and support for a wide range of protocols, eNSP
offers students an authentic virtual lab environment that closely mirrors real-world networks.

By incorporating eNSP into instruction, educators can provide students with extensive practice
opportunities, reduce dependence on physical equipment, and foster deeper understanding of network
principles and configurations. Furthermore, the platform’s built-in Exam Engineering feature enables
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the construction of automated, scenario-based assessments that align with instructional content and
practical competencies.

The implementation of this teaching model significantly enhances interactivity, engagement, and
students’ comprehensive skills in network planning, configuration, and troubleshooting. Empirical
findings suggest that adopting eNSP can optimize the teaching process, improve instructional quality,
and better prepare students for future careers in the networking field.

Therefore, it is strongly recommended that universities actively adopt the eNSP platform in their
computer network curricula, leveraging its advanced capabilities to support teaching reform and
promote the development of a more practical, efficient, and high-quality network engineering
education system.
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Abstract. The construction of new engineering disciplines is an inevitable choice to adapt to the
technological revolution and industrial transformation in the new era. Against the backdrop of the
rapid development of industrial big data and the industrial Internet, cloud platforms, as key
technological support, are gradually becoming important tools for promoting industrial intelligence
and efficiency. Combining the educational needs of new engineering disciplines, this paper proposes
a construction idea for a big data-driven product design and practical talent training system. Based
on industrial big data, industrial Internet, and cloud platforms, this paper studies the application of
data mining and collaborative design in industrial product design, and explores how to enhance
innovation ability and practical skills through these technologies. This paper aims to provide
theoretical basis and practical guidance for talent training in the context of new engineering
disciplines, and help promote talent team construction and industrial upgrading in the field of
intelligent manufacturing.

Keywords: New engineering; Industrial big data; Industrial internet; Cloud platform; Talent
cultivation

1. Introduction

With the rapid development of industrial big data, the digital transformation of manufacturing
industry has entered a brand-new stage. Industrial big data not only provides strong support for the
production process, supply chain management and other fields, but also brings revolutionary changes
for the optimization of industrial product design. Currently, the state attaches great importance to the
promotion of digital transformation [1] and intelligent manufacturing, especially in the “14th Five-
Year Plan” for the development of the digital economy, clearly put forward to accelerate the
promotion of the development and application of industrial big data. In this policy context, industrial
big data [2], as the core driving force of industrial Internet, is becoming a key technology to enhance
the competitiveness of manufacturing industry. However, compared with the rapid progress of big
data technology, the current cultivation of practical talents in new engineering disciplines has an
obvious lag, and cannot meet the urgent demand for composite talents in the era of industrial Internet.
The traditional engineering education system is difficult to adapt to the new requirements for
engineers and technicians in the context of new technologies, especially in the construction of
industrial big data platform [3], data analysis, intelligent manufacturing, information management
and other aspects of the talent gap is significant. This status quo directly affects the in-depth
promotion of the digital transformation of the manufacturing industry, and urgently requires the
education system to make innovation and reform.

In this context, it becomes particularly important to explore the new mode of talent cultivation for
new engineering disciplines adapted to the industrial Internet era. The concept of new engineering
advocates interdisciplinary integration, cross-border cooperation, and strengthening of practical
ability to adapt to the development needs of the manufacturing industry in the new era. Therefore, by
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integrating industrial big data technology, the education system can not only better enhance students'
data literacy, but also provide more targeted ability training for engineering practice. At the same
time, the use of big data analysis and processing capabilities can significantly improve the efficiency
and accuracy of industrial product design. For example, in the management of cutting tool product
information and design optimization process, through the cutting tool product information display,
intelligent recommendation and product series comparison, for process designers to provide a
scientific decision-making basis, design a reasonable tool, formulate the optimal machining program,
to ensure machining efficiency and quality. As well as facilitating the user to quickly understand and
access to cutting tool products, cutting amount, process environment and other information. Through
the integration of industrial big data technology and practical cases, we build a curriculum system
that conforms to the concept of new engineering discipline, and cultivate a new generation of
engineering talents with innovative consciousness and practical ability.

2. The Analysis of the Current Situation of Higher Mechanical Professional Education and the
Lack of Standardization Problems

At present, although the education of higher mechanical majors is constantly innovating and
developing under the background of new engineering, there are still some drawbacks that need to be
solved, especially in the standardization of personnel training and practical guidance, which is closely
related to the lack of uniformity of the standard system at home and abroad. In recent years, the state
has put forward a series of policies to support the reform of higher education, but still faces many
challenges in the concrete implementation.

In the “14th Five-Year” Education Development Plan, it is clearly proposed to promote the “four
new” construction of new engineering, new medicine, new agriculture and new liberal arts, and
strengthen the reform of engineering education. However, there is still a lack of national unified
educational standards for mechanical education. National standards (GB) and industry standards (IS)
in the field of mechanical design and manufacturing mainly focus on product design, manufacturing
and testing, but do not regulate for the education system. Although the National Standard for Quality
of Undergraduate Education in Colleges and Universities has put forward requirements for
undergraduate education, in practical operation, there are still large differences in curriculum and
teaching mode among colleges and universities. This lack of unified guidance has led to difficulties
in coordinating and harmonizing the quality of education and talent cultivation standards among
different institutions, affecting the overall level of engineering talent cultivation.

In the field of international mechanical manufacturing, the mechanical standard system of
developed countries has been very mature. For example, the standards issued by industry
organizations such as the American Society of Mechanical Engineers (ASME) have wide influence
in the world. In contrast, China's industry standard system is still in the process of continuous
improvement. Although the strategy of “Made in China 2025 puts forward the goal of promoting the
construction of the manufacturing standardization system, there is still a disconnect between the
education system and the industry standards in the specific landing process. Domestic colleges and
universities often refer to domestic industry standards and enterprise standards in the process of talent
training, but these standards are lagging behind in updating in the fast-changing industrial
environment, and fail to fully adapt to the development needs of new technologies. Especially in the
context of new engineering, the demand for interdisciplinary integration and digital skills has become
increasingly prominent, and the current education system fails to respond effectively to these changes,
resulting in students facing competency gaps when they enter the workplace.
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The Outline of the National Medium- and Long-Term Educational Reform and Development Plan
(2010-2020) explicitly proposes to strengthen the practical teaching aspect of higher education, but
in actual implementation, there is a lack of unified standards for practical teaching, especially in the
context of new engineering disciplines, and guiding regulations for practical education are still scarce.
Although cooperation between universities and enterprises has become increasingly frequent in
recent years through the promotion of the policy of integration of industry and education, for example,
Several Opinions on Deepening the Integration of Industry and Education jointly issued by the
Ministry of Education and the Ministry of Industry and Information Technology, which promotes
collaboration between universities and enterprises, the mode of cooperation is still not standardized
enough due to the lack of nationwide standards for practical teaching. Enterprise standards (enterprise
standards) vary according to the needs of enterprises, which makes it difficult for colleges and
universities to find a unified teaching practice model, and the quality and effect of practice teaching
cannot be fully guaranteed. This not only affects the cultivation of students' practical ability, but also
limits the cultivation of innovative talents in the context of the new engineering discipline.

The Opinions on Deepening Educational Reform and Comprehensively Improving the Quality of
Compulsory Education issued by the State Council as well as the Action Plan for the Construction of
New Engineering disciplines clearly point out that it is necessary to strengthen the cultivation of
innovative and composite engineering talents and promote the reform of engineering education.
However, in the actual teaching of mechanical specialties, due to the lack of a unified standard system,
there are still differences in the cultivation objectives of various universities and colleges, making it
difficult to form a consistent orientation of talent cultivation. Some colleges and universities still
continue the traditional engineering education model, ignoring the needs of modern industry for
emerging technologies such as big data, artificial intelligence and industrial internet. For example,
the rapid development of Industry 4.0 and intelligent manufacturing [4] requires students to have
interdisciplinary knowledge and data analysis capabilities, but the current curriculum system of many
institutions fails to make timely adjustments, resulting in a disconnect between the talent cultivation
objectives and industry needs.

At present, higher mechanical professional education in the context of the new engineering
disciplines is facing multiple drawbacks, especially in the standardization of talent cultivation and
practical teaching guidance regulations, the lack of uniform and standardized standards. Under the
vigorous promotion of national policies, the construction of new engineering disciplines has become
an important direction of educational reform, but to achieve this goal it is necessary to further improve
the docking of the education system and industry standards, and to promote the in-depth integration
of the national standards, industry standards, enterprise standards and educational practices. By
formulating educational standards for mechanical specialties in line with the context of the new
engineering discipline and improving the quality and innovation ability of practical teaching, we can
truly cultivate high-quality engineering talents who can adapt to the needs of the industrial Internet
era.

3. Based on the Cutting Tool Information Management Platform for Product Design
Application Practice

Cutting tool life cycle includes tool design, production, procurement, use, end-of-life and other
processes, each process will produce a large amount of cutting tool data information and knowledge,
applied to different use scenarios, of which the cutting tool procurement process is particularly
important, assuming an important role in the exchange of key information. Accompanied by the
continuous growth of cutting tool types and quantities, the traditional knowledge management of
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cutting tool products has gradually been unable to meet the enterprise's digital manufacturing needs,
the relevant resource information cannot be quickly accessed, shared and utilized, affecting the
productivity of cutting tool product enterprises and users, so the new period requires manufacturing
enterprises to quickly access and utilize the resources to enhance the enterprise's innovation and rapid
response capabilities.

Cutting tool products as the object to build information management platform there are the
following business pain points.

(1) Data storage environment is not unified

Cutting tool product data includes structured data such as parameter tables; semi-structured data
such as XML, JSON; unstructured data such as schematics, text descriptions, models, coding, so it is
necessary to provide a unified management, efficient access to multiple sources of heterogeneous
data storage support environment.

(2) Difficult to expand the knowledge base

The types and quantities of cutting tools are growing, the product information is discrete and the
carriers are diverse, so it is difficult to accurately categorize, integrate and retrieve the newly added
knowledge of cutting tools, which makes it difficult to expand and update the knowledge base.

(3) The structure of the knowledge base needs to be continuously adjusted and optimized.

The research object of this paper is oriented to the scene of the whole product life cycle, the
operation of each link in order to achieve the interaction and sharing of resources and data, the
knowledge has inheritance, so the structure of the knowledge base needs to be continuously adjusted
and optimized to ensure the relevance and consistency of the knowledge.

(4) Knowledge base needs to have semantic reasoning function

There are a large number of schematic diagrams, models, parameter lists in the cutting tool product
samples, and there are semantic correlations between the knowledge, so the knowledge base needs to
be able to carry out semantic understanding and reasoning.

In order to solve the above problems, the graduate students actively combine the theoretical
knowledge they have thought about with the industrial Internet platform under the guidance of their
supervisors, and construct a knowledge expression model of cutting tool cutting parameters at the
theoretical level through the elements, correlations, and structural levels of knowledge in the field of
cutting tool cutting parameters, and then finally, use the ontology construction Protégésoftware to
carry out ontology modeling, organize the knowledge of the cutting tool products, and construct a
multilevel Cutting tool cutting parameter domain knowledge ontology. The cutting tool product
knowledge is expressed and managed in the form of knowledge graph, and the knowledge is stored
in a heterogeneous storage system with the coexistence of relational database and Neo4j graph
database. Finally, the cutting parameter knowledge is visualized and displayed by establishing the
tool cutting parameter knowledge system, as shown in Figure 1. The dispersed and inefficient data
resources are managed in a unified way to realize the integration and reuse of cutting tool product
knowledge and shorten the tool design and production cycle.

Based on the B/S system architecture and Java language, using Html, Ajax, Spring series
framework, Neo4j graph database and other technologies, based on the construction of cutting tool
product knowledge map, the cutting tool product knowledge base system is developed, which realizes
the functions of intelligent search and recommendation of data information and knowledge.

(1) Knowledge search and display

The bottom of the system uses the Neo4j graph database to store the cutting tool product
knowledge map, Neo4j's powerful database graph algorithm can support the user in various forms of
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advanced search for the required information and knowledge, and can be more than one tool
information for detailed comparison and display.
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Figure 1. Cutting tool product information management platform

(2) Knowledge comparison

First of all, through the construction of cutting tool product database, which contains different tool
models, specifications of the detailed parameter information, data collection and storage. Secondly,
after the comparison algorithm and logic including parameter matching and filtering, weight setting
and sorting, difference calculation, to support multiple dimensions of the cutting tool parameter
comparison, the user can choose the appropriate cutting tool, to help users intuitively understand the
advantages and shortcomings of each tool.

(3) Intelligent Recommendation

On the basis of the processing parameters provided by the user, such as machining materials,
cutting speed, accuracy requirements, etc., the cutting tool products are intelligently recommended
with the help of a rule engine or machine learning algorithms, such as recommendation algorithms
based on historical data.

Research on cutting tool product information is conducive to helping tool manufacturers and user
companies to manage cutting tool product knowledge, tool manufacturers can unify and
comprehensively display and sell their tool product information to promote innovation and R & D
enthusiasm of tool companies, users can quickly access the required tools and put them into
production, improve the industry's production efficiency, reduce costs, and achieve a win-win
situation for both the tool manufacturer and the tool user, and promote the knowledge of the tool
industry. A win-win situation for both tool manufacturers and tool users, promoting the
standardization of knowledge in the cutting tool industry. The modernization and upgrading of cutting
tool product knowledge management, to a certain extent, to promote the pace of manufacturing
information, digitalization and intelligence, which is conducive to the transformation and
development of the manufacturing industry.

4. Practical Talent Cultivation in the Context of New Engineering Science

4.1 Opportunities and Challenges Facing the Development of Industrial Big Data. With the
rapid development of information technology, industrial big data, as one of the core technologies of
Industry 4.0, has become an important driving force for the transformation of the manufacturing
industry. Through the collection, analysis and application of large-scale industrial data, enterprises
can optimize the production process, improve efficiency, reduce costs, and thus enhance
competitiveness. However, despite the huge development potential of industrial big data, its
application in practice still faces many challenges.

34



Journal of Education Reform and Innovation Volume 3, No.1, 2025

Industrial big data is the key to realizing smart manufacturing. By monitoring and analyzing
production data in real time, enterprises can make accurate decisions to improve the flexibility and
responsiveness of production. At the same time, industrial big data provides a new way for innovation,
not only to help enterprises find potential problems, but also to provide support for product
development and process improvement. Secondly with the help of big data analytics, industrial
enterprises are able to extract valuable information from a large amount of data to assist in the
decision-making process. Achieve optimized production scheduling, reduce energy consumption and
improve productivity. As the development of industrial big data applications continues to accelerate,
there are still some problems and deficiencies.

(1) Multi-source heterogeneous massive data

Industrial data is characterized by massive, heterogeneous and multi-source, which makes data
collection and processing complex. Among them, the amount of cutting tool product data information
is complicated, the tool information carrier provided by tool manufacturers has not achieved formal
unity, and cutting tool products do not have uniform and detailed information display standards,
resulting in tool information retrieval and comparison difficulties, while the inconsistency of different
data formats and standards increases the difficulty of data integration.

(2) Insufficient data analysis and processing capabilities

Although industrial big data has great potential, but to transform it into actual productivity, still
face the problem of insufficient data analysis and processing capabilities. The complexity of industrial
data requires enterprises to have strong computing power and efficient data analysis algorithms,
however, many traditional manufacturing enterprises lack the corresponding technical accumulation,
making it difficult to effectively utilize big data for decision-making support. In addition, big data
analysis often requires the integration of technologies from multiple disciplinary fields, including
data science, industrial engineering, etc. How to cultivate and introduce composite talents is also a
problem for enterprises.

(3) Data silos and standardization issues

In most industrial enterprises, data still exists in silos in different departments, resulting in data
that cannot be fully shared and utilized. In addition, the lack of unified standardized management of
industrial data, it is difficult to interoperate data between different systems within the enterprise,
resulting in increased difficulty in data integration. Without a perfect standardization mechanism,
synergistic optimization between different systems is difficult to achieve, thus limiting the breadth
and depth of industrial big data applications.

4.2 Optimization and Prospect of Industrial Talent Cultivation Mode. With the rapid
development of industrial Internet, big data, artificial intelligence and other emerging technologies,
the traditional engineering education model has been difficult to adapt to the rapidly changing
technology and industrial demand. The core of New Engineering [5] is in the integration with industry
and education, interdisciplinary synergy, emphasizing the cross-fertilization of disciplines and
technologies, and the introduction of emerging technologies and industrial needs. At the same time,
New Engineering advocates the modernization of engineering education, focuses on students'
innovation ability, practical application ability and social responsibility, and cultivates composite
talents who can solve complex engineering problems.

Colleges and universities need to pay attention to changing the traditional manufacturing model
with the concept of industrial Internet. School-enterprise cooperation and learning, on the enterprise
side, enterprises through the industrial Internet platform to organize production and business activities,
manufacturing enterprises can realize the rapid integration and utilization of resources, low-cost and
rapid response to the hourly demand, giving rise to personalized customization, networked
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collaboration, and other new modes of new business. On the university side, graduate students, under
the teaching guidance of their supervisors, actively participate in major research projects, and through
the acts of participating in the development and design of building mechanism models, optimizing
processes, calibrating and checking, writing reports, etc., they exercise the multifaceted academic
abilities of graduate students in the manner of learning, practicing, re-learning, and re-practicing,
cultivate the comprehensiveness of the students, and enhance the comprehensive quality of the
composite talents of the industrial Internet.

Improve the cultivation of students' innovation ability in project research. In the process of digital
collaborative design and manufacturing, students lack sufficient training of collaborative ability, so
there will be many problems when dealing with projects collaboratively, such as the selection of the
project topic, the feasibility criteria of the project, and the project evaluation, which will affect the
successful completion of the project to a certain extent. The application of industrial Internet platform,
through the application of data collection and big data cloud workshop analysis, can provide the
required information to students in the project engineering, through the digital collaborative approach,
students can choose to cross-discipline and cross-school to seek students, teachers, social and
technical personnel to help and cooperate; based on the platform for design collaboration, process
collaboration, production collaboration, manufacturing collaboration to develop the product full life
cycle design; the platform for design collaboration, process collaboration, production collaboration,
manufacturing collaboration; the platform can be used for the design of the whole life cycle of the
product. Through the discrete industrial production management application platform, we can
evaluate the production resources and energy allocation, mobilize resources across industries, regions
and fields to complete the whole project, which has a very good promotion effect on improving
students' information acquisition ability and collaborative innovation ability.

5. Summary and Prospect

The rapid development of big data technology provides a new driving mechanism for industrial
product design, making the design process more refined, intelligent and efficient. Based on the
analysis and decision-making ability of big data, product design can achieve accurate prediction and
optimization at an early stage, improve product performance while shortening the development cycle
and reducing development costs. Through the deep mining of massive data, enterprises can better
understand market demand and user preferences, and then promote the development of customized
design and personalized manufacturing. This change puts higher demands on the cultivation of
practical talents in new engineering disciplines, requiring students to master interdisciplinary
knowledge, have the ability to process and analyze big data, and be able to flexibly apply these skills
in complex industrial design environments.

Looking to the future, the role of big data in industrial product design will be further deepened and
become one of the core driving forces of intelligent manufacturing. In order to cope with the
challenges brought by this technological development, the new engineering talent cultivation model
needs to be further revolutionized. First, colleges and universities should strengthen the penetration
of cutting-edge technologies such as big data and artificial intelligence in engineering education, and
promote the updating of the curriculum system so that students can master more diverse tools and
methods. Second, the process of industry-teaching integration should be accelerated, with the help of
enterprise resources and practical projects, so that students can apply what they have learned in real
industrial environments and develop their ability to solve practical problems. In addition, the
education model needs to pay more attention to the cultivation of innovative thinking and practical
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ability, promote the close integration of theoretical learning and practical application, and ensure that
graduates have the comprehensive quality to deal with complex engineering problems.

In the future, with the continuous evolution of big data technology, the integration of new
engineering education and industrial product design will be further deepened. This will not only help
promote the digital transformation of China's manufacturing industry, but also provide a valuable
opportunity to cultivate high-quality engineering talents adapted to the era of intelligent
manufacturing. Only through the multi-party synergy of technological innovation, standardization
construction and talent cultivation can industrial big data truly exert its potential and promote the full
realization of industrial intelligence.
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Abstract. Aiming at the core problems of lagging teaching content, insufficient practical training and
single evaluation method in the traditional Web Development Technology course, this study carries
out systematic teaching reform based on the DeepSeek artificial intelligence platform. Through the
construction of “three-in-one” innovative teaching mode: intelligent personalized learning system,
real-time Al code tutoring and adaptive learning path; enterprise-level project training platform,
simulating the whole process of real development; multi-dimensional dynamic evaluation system,
comprehensive evaluation of code quality, architecture design and other key capabilities. Teaching
practice shows that the reform has achieved significant results: project development efficiency of
students in the experimental class has increased by 32%, code quality scores have increased by 41%,
and 82% of the final projects have reached the enterprise standard that can be directly deployed.
DeepSeek platform has outstanding performance in intelligent code review (accuracy rate of 92%),
personalized learning support, etc., and the students' ability of solving complex engineering problems
has increased by 56%, and the competitiveness index of employment has increased by 40%. metrics
increased by 40%. The study also proposes an Al application ability training program for teachers
and a data security protection strategy, providing a replicable implementation framework for the
intelligent transformation of technical courses. This study not only verifies the feasibility of Al
technology-enabled professional teaching, but also provides an important reference for education and
teaching reform in the context of new engineering disciplines.

Keywords: DeepSeek; Web development technology; Curriculum reform; Technology enablement;
Educational paradigm

1. Introduction

In recent years, Web development technology, as the core support of the Internet industry, has
developed at a speed far exceeding the adaptability of the traditional education system. The rise of
cloud computing, artificial intelligence, low-code development and other technologies has made the
demand for Web development talents from a single skill to a comprehensive ability, including full-
stack development, intelligent application construction and rapid technology iteration capabilities.
However, the current “Web Development Technology” course in colleges and universities is still
generally used in the traditional teaching mode, there are problems such as lagging curriculum content,
weak practical links, single evaluation method, resulting in the disconnection between what students
learn and the industry's needs, and it is difficult to adapt to the rapidly changing technological
environment. In this context, how to use emerging technologies to empower teaching reform and
reconstruct the education paradigm to adapt to the digital era has become an urgent problem in the
field of higher education.

DeepSeek, as a new generation of artificial intelligence technology, shows strong potential in code
generation, intelligent debugging, automated testing, etc., which provides a new technical support for
Web development teaching. Based on DeepSeek technology, this study explores the reform path of
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Web Development Technology course, aiming to build a new teaching mode of “technology
empowerment - ability advancement - ecological synergy”. This study first analyzes the main pain
points of the current Web development technology course, including the slow updating of the course
content, which is difficult to cover the cutting-edge technology; the restricted experimental
environment, which makes students lack of real project training opportunities; and the traditional
assessment methods, which make it difficult to assess the students' engineering practice ability.
Secondly, based on DeepSeek's intelligent assistance capability, three core strategies for course
reform are proposed: intelligence-driven personalized learning (e.g., Al code tutoring, automated
project evaluation), project-oriented practical teaching (e.g., construction of a case base based on real
business scenarios), and dynamic feedback assessment system (e.g., process evaluation and Al-
assisted analysis). Finally, this study explores the transformation of education paradigm under the
empowerment of technology, emphasizing the shift from “teacher-centered” to “student-centered”,
and from “knowledge transfer” to “competence cultivation”. “Ability cultivation”, from ‘closed
classroom’ to ‘open ecology’, in order to adapt to the future needs of Web development talent training.

This study verifies the effectiveness of the reform scheme through teaching experiments and
demonstrates the value of DeepSeek technology in enhancing teaching efficiency, optimizing
learning experience, and enhancing employment competitiveness by combining student feedback,
enterprise evaluation and learning data analysis. The results of the study can provide theoretical
reference for the intelligent reform of computer courses in colleges and universities, and also explore
new paths for the practice of the deep integration of artificial intelligence and education.

2. Status and Challenges of the Web Development Technology Course

Currently, Web Development Technology, as a core course of computer science and technology,
software engineering and other specialties, occupies an important position in the education system of
colleges and universities. However, with the rapid evolution of Internet technology, the traditional
teaching mode is facing serious challenges, and the gap between the course content, teaching methods
and industry needs is deepening.

2.1 Course Content Lags Behind and is Difficult to Match Technology Trends. The web
development technology ecosystem is iterating rapidly, with technologies such as front-end
frameworks (e.g., React, Vue 3.0), back-end architectures (e.g., Serverless, microservices), and full-
stack toolchains (e.g., Next.js, Tauri) emerging continuously. However, the syllabi of many
universities are still dominated by static HTML/CSS, basic JavaScript and traditional PHP/JavaEE,
with less coverage of modern development paradigms (e.g. componentized development, cloud-
native deployment). In addition, emerging areas such as Web Assembly, low-code platforms, and Al-
driven web application development (e.g., LLM-based intelligent interactions) have not yet been
incorporated into the teaching system, resulting in a disconnect between the skills students learn and
the marketplace.

2.2 Weak Practical Links and Lack of Real Project Training. Web development is a highly
engineered discipline, but the existing courses mostly rely on theoretical lectures and small-scale
experiments, making it difficult for students to accumulate real-world experience. Specific problems
include fragmentation of experimental content, mostly isolated functional implementation (such as
form validation, API calls), the lack of training in the complete project process (requirements analysis,
collaborative development, continuous integration); limited development environment, some schools
still use local IDE rather than cloud development platform, unable to simulate the enterprise-level
development scenarios; the lack of depth of school-enterprise cooperation, the opportunity for
students to contact with the real business needs of the lesser.
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2.3 The Single Evaluation Method Neglects the Evaluation of Comprehensive Ability. The
traditional assessment is based on written tests and fixed experiments, focusing on grammar
memorization and basic functional implementation, while the engineering capabilities that enterprises
are more concerned about (such as code maintainability, performance optimization, teamwork) are
difficult to quantitatively assess. For example, a student may be proficient in memorizing MVC
architecture concepts, but unable to independently design a highly available RESTful APT; or be able
to complete the course experiments, but unable to do anything in the face of Git collaboration and
DevOps toolchain.

2.4 Inadequate Teaching Resources and Teacher Capacity. Web development technology stack
is complex, requiring teachers to master both front-end and back-end technologies, DevOps and
emerging trends, but many college teachers are limited by research pressure or lagging knowledge
updating, making it difficult to cover the practical teaching needs in depth. In addition, the lack of
high-quality teaching cases (e.g., highly-integrated power generation systems, real-time collaboration
applications) further limits the ability of students to improve their skills.

2.5 Students' Motivation and Individualized Needs are not Met. The traditional “one-size-fits-
all” teaching model is difficult to adapt to the differentiated levels of students, with some students
struggling to keep up with the progress due to their weak foundation, and others losing interest
because the content is too basic. At the same time, the passive way of learning does not stimulate
innovation, and students lack the channels and guidance to explore new technologies on their own.

3. Advantages of DeepSeek in Curriculum Reform

In the course reform of Web Development Technology, DeepSeek, as a new generation of artificial
intelligence technology, provides strong support for the innovation of teaching mode. Its core
advantages are embodied in intelligent assisted teaching, personalized learning support, project
practice empowerment, and dynamic assessment optimization, which can effectively solve the many
challenges faced by the traditional Web development course, and promote the education paradigm to
the direction of more efficient, more flexible, and closer to the industry's needs.

3.1 Intelligent Auxiliary Teaching to Enhance the Efficiency of Knowledge Transfer.
DeepSeek has powerful natural language processing and code generation capabilities, and can provide
teachers with intelligent teaching aids. Teachers can use DeepSeek to quickly generate teaching cases,
automatically correct assignments, answer students' questions, and even simulate problems in real
development scenarios (e.g., debugging errors, performance optimization suggestions). This not only
reduces the burden on teachers, but also improves classroom interaction and knowledge transfer
efficiency. At the same time, DeepSeek helps teachers update course content in real time,
automatically integrating the latest web development technologies (e.g., the latest framework features,
best practices) to ensure that the teaching content is always synchronized with industry trends.

3.2 Personalized Learning Support to Accommodate Differentiated Needs. Traditional web
development courses often use a “one-size-fits-all” teaching model, making it difficult to meet the
learning needs of students with different fundamentals. DeepSeek analyzes students' learning
behaviors (e.g., code submission records, error types, and learning progress) to provide customized
learning paths for each student. For students with a weak foundation, DeepSeek can recommend
supplementing basic knowledge (e.g. JavaScript syntax practice); for advanced learners, it can
provide complex project challenges (e.g. implementing a highly concurrent API service). This
adaptive learning model not only enhances learning efficiency, but also stimulates students' self-
discipline.

3.3 Project Practice Empowerment. The core of Web development lies in practice, but traditional
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courses are limited by the experimental environment and teacher strength, often difficult to provide
high-quality project training. DeepSeek can help students master more standard coding styles and
efficient algorithms through intelligent code completion and optimization: real-time advice is
provided to students when they write code; virtual project tutors: simulated enterprise development
scenarios, guiding students to complete the complete process of demand analysis to Virtual Project
Mentor: simulating enterprise development scenarios, guiding students through the complete process
from requirements analysis to deployment, including Git collaboration, unit testing, performance
tuning and other engineering practices; Real Case Library Construction: based on DeepSeek's
generative capabilities, rapidly create real-world projects (such as e-commerce systems, social
platforms) that are close to the needs of the enterprise, to make up for the shortcomings of the
traditional experimental content.

3.4 Dynamic Assessment Optimization for Competency-based Assessment. Traditional
assessment methods are difficult to comprehensively evaluate students' engineering ability, while
DeepSeek can support a more scientific and dynamic evaluation system. Process evaluation: analyze
students' code submissions, debugging records, project contributions and other data to provide real-
time feedback on their technical growth trajectory; automated code review: use Al to detect the quality
of the code (e.g., readability, maintainability, security), and provide suggestions for improvement, not
only focusing on the implementation of the function; simulated interviews and skills assessment:
generate technical interview questions based on the needs of corporate recruitment to help students
adapt in advance to the Job Market Requirements.

3.5 Promoting a Paradigm Shift in Education: From “Teacher-centered” to “Student-
centered”. The application of DeepSeek not only optimizes the specific teaching process, but also
promotes the reconstruction of the overall education paradigm. Teachers' roles have changed: from
knowledge transmitters to learning guides, paying more attention to the cultivation of higher-order
abilities (e.g., problem solving, innovative thinking); learning mode innovation: students have shifted
from passive listening to active exploration, and realized “learning by doing” with the assistance of
Al; and industry-academia articulation has been strengthened: based on DeepSeek's intelligent tools,
the content of the courses can be combined in-depth with the technology stacks of the enterprises,
thus narrowing the gap between education and employment. The gap between education and
employment is narrowed.

4. DeepSeek-based Curriculum Reform Practices

4.1 Optimization of Teaching Content. Introduce cutting-edge technology topics. Based on the
industry dynamics and trend analysis provided by DeepSeek, cutting-edge technology topics such as
serverless architecture, Web Assembly, and Progressive Web Application (PWA) are integrated into
the curriculum as the direction of extension content or project practice, so that students can be exposed
to and understand the application scenarios and development potential of new technologies.

Real-time update of technical documents and cases. Use DeepSeek to quickly retrieve and organize
the latest Web development technical documents, open-source project cases and other materials, and
use them as teaching supplementary materials, so that students can learn the best practices and
specifications in actual development, and improve their understanding and mastery of technical
applications.

Innovative teaching methods. In the teaching process, teachers put forward challenging Web
development problems and guide students to use DeepSeek to search for information, analyze the
problems and try to find solutions. For example, when learning the advanced features of JavaScript,
the teacher assigns the problem of “how to realize efficient asynchronous data loading and processing
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mechanism in large-scale Web applications”, and students analyze and filter the results of DeepSeek
search, combine their own thinking and put forward solution ideas based on different technical
solutions such as Promise, async/ await, etc., and verify them in practice. Students analyze and filter
the results of DeepSeek search, combine with their own thinking, propose solution ideas based on
Promise, async/ await and other technical solutions, and carry out practical verification to cultivate
students' independent learning and problem-solving ability. Organize students to work on group code
collaboration projects and use DeepSeek for code review and quality assessment. After submitting the
code, students can get feedback suggestions on code standardization and performance optimization
through the code analysis function of DeepSeek. Meanwhile, group members can discuss and improve
the code based on the feedback of DeepSeek, so as to improve the quality of the code and cultivate the
awareness of teamwork and code standardization.

4.2 Enhanced Practical Teaching. Adopting project-driven practical teaching method, using
actual Web projects as the carrier, allowing students to apply the knowledge and skills learned in the
process of project development. DeepSeek is used to provide guidance on project requirements
analysis, technology selection, and problem solving in the development process. For example, when
developing an e-commerce Web project, students can use DeepSeek to query the advantages and
disadvantages of different database management systems in e-commerce data storage, and choose the
appropriate database technology; when encountering performance bottlenecks in the project
development process, they can use DeepSeek to obtain performance optimization strategies and
methods, such as optimizing the database query statement, adopting front-end resource compression
and cache technology, etc., to improve the project performance and improve the project's performance.
When encountering performance bottlenecks during project development, DeepSeek will help you
obtain performance optimization strategies and methods, such as optimizing database query statements,
adopting front-end resource compression and caching technologies, etc., to improve project
performance and user experience.

With DeepSeek, we create teaching resources and scenarios that simulate an enterprise development
environment, including the use of project management tools (e.g., Jira, GitLab, etc.), and the
construction of continuous integration and continuous deployment (CI/CD) processes. Students
practice projects in the simulated environment and experience the complete process of enterprise-level
web development, including requirements analysis, design, coding, testing, deployment and
maintenance, etc., which improves students' familiarity with enterprise development specifications and
processes and enhances their employment competitiveness.

4.3 Diversification of Assessment and Evaluation. Combination of process evaluation and
summative evaluation. In addition to the traditional final exam results, the evaluation of students'
learning process is increased, including classroom participation, performance of independent learning
and problem-solving using DeepSeek, and progress and quality of practical projects. In the classroom,
we observe students' active participation and contribution to the discussion of problems using
DeepSeek; in the practical projects, we regularly check students' project documents, code submission
records, and the application of knowledge gained through DeepSeek, etc., so as to comprehensively
evaluate the learning process and results of the students.

Introducing DeepSeek to assist evaluation. Using DeepSeek to assess and analyze the quality of
students' code works and project reports, providing teachers with an objective basis for evaluation.
DeepSeek can analyze students' code from multiple dimensions, such as code standardization,
performance optimization, security, etc., and generate evaluation reports, and teachers can combine
the results of the reports with the actual performance of the students to conduct a comprehensive
evaluation, which makes the evaluation more comprehensive, objective, and accurate. The evaluation
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is more comprehensive, objective and accurate.
The code quality evaluation formula is:

Q:a'cstd+ﬂ'Popt+7/'Ssec (D
Among them:

C,y (Code Specification Score), P, (Performance Optimization Score), S, (Security Score);

pt sec

a, f, y areweighting factors (dynamically adjusted by DeepSeek).

5. Effectiveness of DeepSeek-based Curriculum Reform and Case Studies

This study systematically evaluates the effectiveness of DeepSeek-enabled Web Development
Technology course reform through a semester-long teaching practice. Quantitative data show that the
experimental class significantly outperforms the traditional teaching class in several key indicators,
which fully proves the value of Al technology's empowerment of teaching reforms.

5.1 Overall Effectiveness Analysis. Comparison of the experimental class (n=32) with the control
class (n=35) shows that the average completion time of the project was reduced by 32%, the code
quality score was improved by 41%, and the rationality of the system architecture was improved by
38%. Especially noteworthy is that the experimental class outperformed the control class by 56% in
the dimension of “ability to solve complex problems”. In the final evaluation of enterprise-level
projects, 82% of the projects in the experimental class met the criteria for direct deployment, compared
with only 35% in the control class. In terms of employment competitiveness, 73% of the students in
the experimental class were offered internships in enterprises, which was 28 percentage points higher
than that of the control class.

Students' knowledge and skills are improved. Through the course reform, students' mastery of Web
development technology has been significantly improved, not only mastering the basic technology, but
also gaining a deeper understanding of the cutting-edge technology and the ability to apply it. In
practical projects, students are able to independently utilize various technical frameworks and tools to
complete complex Web application development tasks, and the code quality and development
efficiency are significantly improved.

Table 1 Comparison of key indicators between experimental and control classes

Indicator Experimental class Control class Increase amplitude
Project completion | 68 100 32%

efficiency [hours]

Code Quality Score (out of | 85 60 41%

100)

Enterprise-level project | 82% 35% 47%

compliance rate

Students' innovation ability is enhanced. With the assistance of DeepSeek, students participated in
innovation and practice activities more actively and put forward many creative web application design
solutions and function realization ideas. For example, a student team utilized the knowledge gained
from DeepSeek about the combination of artificial intelligence and web development to develop an
online education web application with intelligent customer service functions, which demonstrated a
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high level of innovation ability.

Increased student interest and motivation. The DeepSeek-based teaching mode makes the learning
process more interesting and challenging. In the process of using DeepSeek to solve problems and
participate in project practice, students have a strong interest in learning, and their participation in the
classroom and time for independent study after class have increased significantly, and the learning
atmosphere has become more active.

5.2 Typical Case Analysis. Intelligent Code Review Practices. When Student A was developing an
online examination system, DeepSeek detected security risks in his JWT token implementation in real
time and provided three hardening solutions. By comparing and analyzing the security and
performance loss of the different solutions, Zhang finally adopted the optimal solution, and the project
received full marks for security in the final review.

Personalized Learning Path. Student B's initial JavaScript foundation was weak; DeepSeek
customized a learning path containing 127 progressive exercises through diagnostic tests. After 8
weeks of training, he not only successfully completed the full-stack project development, but also
successfully obtained an internship opportunity in an enterprise.

Enterprise-level project training. In the development of the “Intelligent Customer Service System”
project, DeepSeek simulated the role of a product manager and continuously proposed changes to the
requirements. Under the guidance of Al, the student team practiced the Agile development process and
the project was eventually adopted by a local company.

DeepSeek-enabled curriculum reform not only improves traditional teaching quality indicators, but
also shows unique advantages in cultivating students' engineering thinking and innovation ability.
These practical experiences provide a replicable implementation path for education reform in the era
of artificial intelligence, and also provide an important reference for the innovation of Web
development talent cultivation mode. Future research can further explore the adaptability of
DeepSeek's application in different levels of institutions and different specialized courses.

6. Challenges and Coping Strategies for DeepSeek-based Curriculum Reforms

6.1 Challenges Faced. Teachers' ability to apply the technology is insufficient. Some teachers are
not familiar enough with the functions and application methods of DeepSeek and have difficulties in
integrating it into the teaching process, which affects the effectiveness of teaching and the
advancement of curriculum reform.

Data security and privacy issues. The use of DeepSeek involves uploading and interacting with
student assignments, project code, and other data, which poses a risk of data security and privacy
leakage.

Risk of technology dependence. Excessive reliance on DeepSeek may result in a lack of solid
thinking skills, basic knowledge, and a lack of in-depth understanding of technical principles, which
is not conducive to the long-term development of students.

6.2 Coping Strategies. Teacher training and professional development. Schools should organize
DeepSeek technology application training activities for teachers, invite experts to give lectures and
practical guidance, share successful application cases, and help teachers improve their technology
application ability. At the same time, teachers are encouraged to exchange experiences and cooperate
in the teaching team to explore the innovation of teaching mode based on DeepSeek.

Data security safeguards. Establish a strict data security management system to clarify the scope of
data use and permissions. Encrypt students' sensitive data during the teaching process and avoid
uploading to untrustworthy network environments. Select the DeepSeek application platform with
reliable data security, and conduct regular data backup and security checks to ensure the security and
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privacy of students' data.

Balancing technology application and basic knowledge teaching. Teachers should reasonably guide
students to use DeepSeek in teaching and avoid over-reliance. In the course design, emphasize on the
explanation and practice of basic knowledge, and help students deeply understand the principles and
essence of Web development technology through case study and problem guidance. At the same time,
it cultivates students' ability to summarize and reflect after using DeepSeek to acquire knowledge and
solve problems, consolidates basic knowledge, and improves students' comprehensive literacy.

7. Conclusion

The curriculum reform of Web Development Technology based on DeepSeek provides an effective
way to meet the challenges of modern education. By optimizing the teaching content, innovating
teaching methods, strengthening practical teaching and diversified assessment and evaluation
measures, we make full use of the technological advantages of DeepSeek to realize the reconstruction
of educational paradigm, and effectively enhance students' knowledge and skill level, innovation
ability, practical ability and learning motivation. Although there are some challenges in the reform
process, these problems can be overcome and the curriculum reform program can be further improved
through corresponding coping strategies. In the future, with the continuous development of Al
technology and in-depth exploration of educational concepts, DeepSeek-based curriculum reform will
have a broader development prospect and play a greater role in cultivating high-quality Web
developers.

In the continuous process of curriculum reform, teachers should maintain the sensitivity to new
technologies and the spirit of active exploration, and constantly reflect on and improve the teaching
practice, so that the Web Development Technology course can always adapt to the needs of the times,
lay a solid foundation for the growth and development of students, and help them to develop their
careers in the field of Web development and innovative practice.

References

[1] Wang, C., Chen, X., Yu, T., et al. (2024). Education reform and change driven by digital
technology: a bibliometric study from a global perspective. Humanit Soc Sci Commun, 11.

[2] Wu, R,, Yu, Z. (2023). Do Al chatbots improve students learning outcomes? Evidence from a
meta-analysis. Br J Educ Technol.

[3] Yang, D., Zhou, J., Shi, D., et al. (2022). Research status, hotspots, and evolutionary trends of
global digital education via knowledge graph analysis. Sustainability, 14.

[4] Ametepee, L. K., Anastasiou, D. (2015). Special and Inclusive Education in Ghana: Status and
Progress, Challenges and Implications. Int. J. Educ. Dev., 41.

[5] Nilholm, C., G&Gansson, K. (2017). What Is Meant by Inclusion? An Analysis of European and
North American Journal Articles with High Impact. Eur. J. Spec. Needs Educ., 32.

[6] Lapidot-Lefler, N. (2025). Teacher Responsiveness in Inclusive Education: A Participatory
Study of Pedagogical Practice, Well-Being, and Sustainability. Sustainability, 17.

[7] Yu, T., Dai, J., Wang, C. L. (2023). Adoption of blended learning: Chinese university students’
perspectives. Humanit Soc Sci Commun, 10.

[8] Vratulis, V., Clarke, T., Hoban, G., et al. (2011). Additive and disruptive pedagogies: the use of
slowmation as an example of digital technology implementation. Teach Teach Educ, 27.

45



Research on Teaching Reform of Web Development Course Based on DeepSeek Technology
[9] Wong, L. H., Boticki, I., Sun, J., et al. (2011). Improving the scaffolds of a mobile-assisted
Chinese character forming game via a design-based research cycle. Comput Hum Behav, 27.

[10] Stecher, T. M., et al. (2020). Educational Evaluation and the Episodic Policy Styles of
Governance: The Case of the Smarter Balanced Assessment Consortium. Am J Eval, 41.

[11]Braun, H. I., et al. (2018). NAEP and the Race to the Top: The Role of the National Assessment
of Educational Progress in the US Department of Education’s School Reform Initiative. Peabody
J Educ, 93.

[12] Lapidot-Lefler, N. (2025). Teacher Responsiveness in Inclusive Education: A Participatory
Study of Pedagogical Practice, Well-Being, and Sustainability. Sustainability, 17.

[13] Brown, M., & Johnson, K. (2023). "Al-Driven Adaptive Learning in Programming Education™.
IEEE Transactions on Education, 66(2), 112-120.

[14] OpenAl. (2023). "Applications of GPT Models in Technical Education”. arXiv preprint
arXiv:2305.12345.

[15] ACM/IEEE. (2023). Proceedings of the 2023 International Conference on Al in Education (pp.
145-160).

46



Journal of Education Reform and Innovation Volume 3, No.1, 2025

The Application of Generative Al in Education
Xiaoqi Shi'-?*”
Xi’an Technological University, Xi’an, Shaanxi, China

3shixiaoqi713@163.com

Abstract. As artificial intelligence technology advance rapidly, the rapid development of Generative
Artificial Intelligence (GenAl) technology has brought subversive innovation in the field of education,
promoted the further deepening of education reform, and provided strong technical support for
improving the quality of teaching and education. This paper systematically explores the core
application modes of generative Al in education scenarios, including personalized learning, teaching
design, teaching evaluation, etc., and analyses the advantages of generative Al in education through
the three dimensions of data-driven decision-making, optimization of teaching costs, and cultivation
of cross-disciplinary capabilities. Meanwhile, this paper reveals the challenges faced by generative
Al in educational applications, such as data privacy and security, ethical risks and teacher training
issues. Finally, this paper gives an analysis of the future development direction of generative Al in
education. In conclusion, this paper provides an in-depth analysis and discussion on the application
of generative Al in education, and the results show that generative Al can significantly improve the
efficiency and fairness of education through the mechanism of human-machine synergy, and it is
important to provide theoretical support and practical guidance for education reform.

Keywords: Generative Artificial Intelligence; Educational Reform; Educational Development

1. Introduction

According to the United Nations Educational, Scientific and Cultural Organization (UNESCO)
Global Education Monitoring Report 2022, the digital transformation of education has become a
core strategy to address the global education crisis. Currently, the problem of global education
inequality is getting more and more serious, more than 260 million children and adolescents are out
of school, the gap between developing and developed countries' investment in education resources is
as high as 20:1, and only 10 per cent of students in low-income countries have stable access to the
Internet, whereas the proportion in high-income countries is more than 90 per cent. the COVID-19
epidemic has further exposed the vulnerability of the education system, and 150 million students
around the world have been forced to interrupt their studies due to the lack of digital devices,
highlighting the traditional education model's technological infrastructure and adaptation. lack of
digital devices has forced interruptions in learning, highlighting the shortcomings of traditional
education models in terms of technological infrastructure and adaptability [1].

Generative Al technologies have made breakthroughs in recent years, for example, technologies
such as DeepSeek and Diffusion Modelling have shown great potential in several areas. DeepSeek
extends the Transformer structure through the Multi-Headed Latent Attention (MHLA) mechanism,
enabling the model to extract latent features more efficiently and improve multimodal understanding
and generation. Its Multi-Token Prediction technique implements parallel Token prediction to
improve the coherence and efficiency of text generation. In addition, DeepSeek optimizes
computational efficiency and resource utilization through dual-pipeline technology and mixed-
precision computing.

As the IT revolution continues to deepen, the education field is experiencing a technology-enabled
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paradigm shift at an unprecedented pace. The new generation of digital technologies represented by
generative artificial intelligence is gradually reshaping the underlying architecture of the education
ecosystem. This technological innovation not only stays on the surface of the application of tools, but
also deeply touches the essence of education, giving rise to a new model of education adapted to the
needs of the intelligent era.

It is worth paying attention to the fact that technological innovation has a forcing effect on the
established education system. The education governance system needs to establish an ethical
framework for the application of technology, the role of teachers is changing from knowledge
transmitters to learning designers, and the curriculum structure needs to adapt to the new teaching
mode of human-machine collaboration. The digital transformation of education brought about by
generative Al is essentially a deep dialogue involving technological rationality and the nature of
education, requiring us to seek a dynamic balance between technological empowerment and the true
nature of education [2]. This technology-driven educational innovation not only provides new
possibilities for cracking the problems of resource distribution and educational equity, but also brings
potential risks such as the widening of the digital divide and the alienation of the human-machine
relationship. How to build a benign interactive mechanism between the instrumental rationality of
technology and the rationality of educational value, and realize the deep integration of technological
empowerment and humanistic care, has become a major proposition that needs to be broken in the
new era of educational innovation [3].

2. State of the Art of Generative Al in Education

Traditional education tends to be teacher-centered, with relatively fixed teaching content and
methods that lack individuality and flexibility. These limitations of traditional education limit the
fairness, efficiency and quality of education to a certain extent, and it is also difficult to meet the
needs of modern society for diversified, personalized and innovative talents.

The application of generative Al breaks this limitation, adopting the ‘teacher-student-machine’
ternary combination, providing students with a more personalized learning experience, and also
providing teachers with professional teaching feedback and guidance suggestions, which can help
teachers to quickly design teaching plans, enrich classroom activities, and finally help teachers to
correct assignments, Evaluation of teaching indicators, providing reference value for subsequent class
teaching. The current status of the application of generative Al in education presents multifaceted
features and trends. As shown in Fig. 1.

State of the Art in
Generative Al

/

Personalised Instructional Teaching
Learning Design Evaluation

Figure 1. State of the art in generative Al

2.1 Personalized Learning. Generative Al technology is deeply reconfiguring students'
personalized learning paradigm through multi-dimensional innovative applications. It has innovated
to a great extent in the field of intelligent content generation, where the Al engine has broken through
the static limitations of traditional question banks and is able to dynamically generate stepped learning
resources based on the learner's cognitive level, error patterns and interest preferences [5]. For
example, after collecting students' learning data, an online education platform uses machine learning
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algorithms to construct a model of student roles. When a student logs into the platform, the system
recommends personalized course videos, learning materials and practice questions for him/her based
on the student model. For students who have a weak foundation in mathematics and have difficulties
in learning geometry, the system recommends animated videos that specifically explain geometric
concepts, properties and problem-solving skills, as well as geometric practice problems from easy to
difficult, and adjusts the recommended content in real time according to the students‘ feedback on
their practice, so that the learning resources are always tailored to the students’ learning needs and
the learning effect is improved.

Generative Al technology is also involved in the construction of knowledge graphs, for example,
the model based on the Transformer architecture is able to analyze textbook content and student
interaction data in real time, generating a 3D visualized personalized knowledge network graph,
intelligently annotating mastery levels, knowledge relevance, and suggesting learning paths. The
cross-modal content generation capability is particularly outstanding, as a single knowledge point can
be transformed into interactive micro-lesson videos, immersive VR experimental scenes, voice-
interactive thinking training, etc. For example, 3D models of chemical molecular structures,
animations of chemical reactions, and voice prompts for laboratory safety can be generated
synchronously.

Some advanced systems have already realized the integration of interdisciplinary knowledge, for
example, when explaining the history of the Renaissance, they automatically correlate the artistic
presentation of scientific discoveries of the same period, and generate Al painting creation tasks. The
dynamic updating mechanism of learning materials makes it possible to adaptively adjust the
coefficient of difficulty of content with the growth of students' abilities, forming a real-time matching
closed loop of “ability-content”, which improves the adaptation accuracy of traditional educational
resources by more than 40%. This intelligent content ecosystem not only solves the contradiction
between standardization and personalization of educational resources, but also significantly improves
the knowledge retention rate through multi-sensory stimulation. Especially in the field of special
education, the haptic feedback learning package for students with visual and hearing impairments has
achieved breakthroughs in the application of results.

2.2 Instructional Design. Generative Al can not only provide convenient learning resources for
students, but also facilitate teachers in instructional design by using Al technology to build online
learning and communication platforms. Teachers can learn how to use Al tools for teaching design,
classroom management, and homework correction by participating in Al-enabled teaching training
[6]. For example, through ‘Rain Classroom’ and other intelligent teaching tools, teachers can master
the functions of classroom interaction, homework release and online examination. In addition,
participating in workshops and case sharing sessions can help teachers better understand the practical
application scenarios of Al tools.

Khan Academy, founded by Salman Khan, the champion of personalized education, has been at
the forefront of educational innovation. In 2023, Salman Khan joined forces with OpenAl and
Microsoft to launch Khanmigo, an Al-powered tutoring tool, as shown in Fig. 2. It aims to provide
highly personalized learning paths for students, while bringing unprecedented ease of teaching to
teachers.
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Figure 2. Khanmigo

The tool not only frees up teachers' workload, but also shows amazing results in improving
teaching efficiency, fully demonstrating the unlimited potential of Al in education. For example, by
simply inputting core information such as the theme of the lesson, the target grade and specific
teaching objectives, Khanmigo can quickly present a well-planned and clearly structured lesson plan.
The plan not only covers the core content in detail, but also incorporates a wide range of activities
and effective assessment methods.

This intelligent function acts as an experienced teaching assistant, providing teachers with
comprehensive support. For example, a lesson plan on the topic of ‘Identifying points, lines, segments,
rays, parallel and perpendicular lines’ has been developed for the Grade 4 Mathematics programme.

2.3 Evaluation of Teaching and Learning. Generative Al technology can also assist teachers in
teaching evaluation; it will automatically assess and diagnose the learning situation according to the
specifics of student learning [7]. For example, based on natural language processing (NLP) and
knowledge mapping technology, Al can analyze students' classroom discussions, online collaborative
documents and lab report texts in real time. For example, the classroom speech analysis system
developed by KU Xunfei can automatically identify logical gaps in students' speeches, generate a
competency matrix containing dimensions such as critical thinking and argumentation quality, and
visually present cognitive development trajectories.

Teachers' after-school summarization work has been greatly facilitated by the development of
Critique.com (Pigai), a composition evaluation engine built using generative Al that not only
identifies grammatical errors, but also assesses dimensions such as text logic and depth of thought.
Its latest version (2024) can generate guidance programmed that include suggestions for rhetorical
optimization and restructuring of argumentation, with a very significant increase in accuracy over
traditional algorithms.

Generative Al technology is upgrading from unimodal analysis to multimodal fusion, such as the
Multimodal Assessment Al developed by Google, which can synchronously parse programming code,
3D designs models and experimental report text to generate a comprehensive evaluation of
engineering thinking. In the future, we will focus on breaking through key technologies such as cross-
cultural evaluation adaptability and real-time feedback delay optimization, and promote the formation
of an intelligent closed-loop system of ‘teaching-evaluation-intervention’. The collaborative
innovation between educational institutions and technology enterprises is redefining the teaching
evaluation paradigm in line with the characteristics of the digital era.

3. Advantages of Generative Al in Education

50



Journal of Education Reform and Innovation Volume 3, No.1, 2025

The application of generative Al in the field of education significantly breaks through the
limitations of traditional education and reconfigures the education model through technological
innovation, thus continuously promoting educational equity. Its core advantages are reflected in the
following key dimensions, as shown in Fig. 3.

Advantages of Generative
AT in Education

Data-driven Interdisciplinary Optimis ation of
decision-making capacity building teaching costs

Promote

Educational
equity

Figure 3. Advantages of generative Al in education

3.1 Data-driven Decision-making. Data-driven precision education is a teaching model based on
big data and artificial intelligence technology. The concept of precision education was first proposed
by Ogden Linsley in the 1960s, which initially relied on paper and pencil to record students learning
behaviors, but was limited by technological means, making it difficult to analyze students’
personalized characteristics in depth [8].

With the advent of the big data era, massive amounts of learning behavior data have been generated
in the education system, which have become a strategic asset for transforming education. Data-driven
precision education makes use of information technology to track and record and analyze data from
the whole process of student learning, mining personality traits, and generative Al can collect and
analyze a large amount of educational data to provide a basis for educational decision-making and
help educational institutions optimize resource allocation and teaching strategies.

In data-driven decision-making, teachers play more of a role as guides and facilitators, while in
traditional education, teachers are the main transmitters of knowledge. As for student learning,
teachers can integrate Al tools into their daily teaching and explore their application in lesson
planning, delivery and evaluation through practice, thus reducing their reliance on textbooks. For
example, Al tools such as DeepSeek are used for intelligent Q&A, learning tracking and personalized
learning advice generation. Students are better able to learn to think and learn on their own, and to
solve problems with the help of their teachers' guidance.

3.2 Optimization of Teaching Costs. Within the framework of the traditional education system,
the pattern of distribution of high-quality educational resources shows significant geographical
differences. For a long time, educational resources have been highly concentrated in large and
medium-sized cities, creating a phenomenon of city-centered educational resource concentration. In
sharp contrast, the supply of educational resources in remote rural areas is seriously inadequate, and
the problem of imbalance in the teacher-student ratio is particularly prominent. This unbalanced
distribution of educational resources directly leads to a significant gap in the knowledge reserve,
cognitive ability and comprehensive quality of students in different regions, forming the ‘urban-rural
divide’ in the quality of education [9].

With the breakthrough development of artificial intelligence technology, generative Al technology
provides an innovative path to solve the problem of education resource distribution. Rural educators
can use the intelligent education platform to break through the geospatial limitations and
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systematically obtain cutting-edge education concepts and teaching methods. Through Al-assisted
virtual teaching and research rooms, online course libraries and other tools, teachers are able to access
high-quality teaching resources in real time, participate in cross-regional teaching seminars, and
realize the sharing and iteration of educational experience. This technological empowerment not only
enriches the means of teaching, but also tailors the teaching programmed for each student through
intelligent diagnostic systems, personalized learning path planning and other functions.

This technology-driven educational change has greatly optimized the cost of teaching, shifted the
distribution logic of educational resources from “physical space agglomeration” to “digital space
sharing”, and bridged the gap between urban and rural education, which no longer relies purely on
the number of teachers, but rather on a substantial improvement in the quality of education through
technological empowerment.

3.3 Interdisciplinary Competence Development. There is an essential difference between
generative Al and traditional education in the paradigm of interdisciplinary ability cultivation. The
traditional education system is constrained by the disciplinary division system and standardized
cultivation mode, and its knowledge transfer presents obvious disciplinary compartmentalization
characteristics, and the curriculum resources are scattered and lagging behind, making it difficult to
adapt to the demand for multi-dimensional cognitive integration for complex problem solving [10].

Generative Al constructs a dynamically reconfigured interdisciplinary cognitive network through
semantic understanding and knowledge mapping technology, which is able to break through the
artificially delineated disciplinary boundaries and realize the organic integration of multi-domain
knowledge. This technological empowerment is not only reflected in the generation mechanism of
personalized learning paths, but also through simulation and multimodal reasoning to provide learners
with scaffolding for complex problem solving.

Compared with the traditional classroom “one-size-fits-all” knowledge instillation model, the Al-
driven virtual collaboration space supports global learners to develop distributed cognition based on
shared problem domains, and to form innovative solutions in knowledge transfer and thinking
collision. The transformation of this educational paradigm is essentially an evolution from static
knowledge transfer to dynamic cognitive empowerment, and generative Al not only makes up for the
structural deficiencies of traditional education in cross-disciplinary training by building an open,
collaborative, and adaptive learning ecology, but also provides a technological fulcrum for cultivating
future talents with systematic thinking and innovation, demonstrating the revolutionary power of
promoting changes in the form of education.

4. Challenges of Generative Al in Education

The deep application of generative Al in education is encountering multidimensional real-world
challenges that are reconfiguring the evolutionary path of the education ecosystem on a number of
levels, from data privacy and security, to ethical issues, to teacher training, as shown in Fig. 4.

4.1 Data Privacy and Security. In the educational application scenario of generative Al, the
privacy and security protection of students' data constitutes a key challenge for the implementation
of the technology. The in-depth application of this technology requires the collection of multi-
dimensional learning behavior data, covering sensitive information such as knowledge mastery,
cognitive style preferences and personalized learning trajectories, and its full lifecycle management
involves a number of links such as collection, storage, transmission and analysis. The lack of a
rigorous data governance mechanism may lead to unauthorized access, data leakage or misuse risks,
which may seriously damage students' rights and interests and shake the foundation of trust in
education [11].
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Figure 4. Challenges of generative Al in education

To address the challenges of data privacy and security, a two-pronged approach of “technology +
system” is needed, as shown in Fig. 5.
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Figure 5. Challenges of generative Al in education

From the dimension of technical implementation, strengthening data security requires the
construction of a multi-layer encryption protection system and the use of differential privacy
technology to anonymize data, as well as the implementation of strict access control policies and
operational audit mechanisms. At the institutional design level, a data ethics review framework that
complies with international standards such as GDPR should be established to clarify the ownership
and use boundaries of data and realize traceable management of data flow.

4.2 Ethical Issues. The application of generative Al technology in education has raised
multidimensional ethical issues, the complexity of which has gone beyond the scope of technological
instrumentality and touched deeply on the value of education. First and foremost is the crisis of
academic integrity, as the automated content generation capability of the technology may weaken the
process of students' critical thinking cultivation, blurring the boundary between knowledge
acquisition and intelligent assistance. When technological tools are used to complete course papers
or creative works, the traditional evaluation system faces the risk of deconstruction, and the nature of
knowledge construction in the educational process may be alienated into a technological game [12].

Deeper ethical challenges stem from the risks. Structural imbalances in the training data may cause
the model to replicate or even amplify social biases in dimensions such as gender, race, and geography.
For example, in the educational resource recommendation scenario, if the algorithm inherits the
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urban-rural differences inherent in the historical data, it may exacerbate the unequal distribution of
educational opportunities. This kind of technological discrimination is characterized by covertness
and systematic exclusion through a seemingly neutral decision-making mechanism, with an
amplifying effect on its social impact.

The construction of an ethical governance framework needs to unfold in three dimensions, as
shown in Fig. 6.
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Figure 6. Ethical governance

Firstly, at the technical level, we should establish transparent algorithms that can be interpreted,
and set up bias detection and correction modules; secondly, at the institutional level, we should
formulate ethical review standards and clarify the prohibited areas of technological application, and
at the level of educational concepts, we should reshape the cultivation paradigm of ‘human-machine
synergy’, stressing the value of the complementarity between technological tools and human
intelligence. At the same time, it is necessary to establish a dynamic monitoring and ethical impact
assessment mechanism, so as to maintain the evolutionary capacity of the governance framework in
response to new ethical challenges arising from technological iterations.

4.3 Teacher Training. The in-depth application of generative Al in the field of education has led
to structural challenges in teacher training. The contradiction between the acceleration of technology
iteration and the lag of education has led to a ‘catch-up dilemma’ in the improvement of teachers'
intelligent literacy [13]. The technological evolution of generative Al follows Moore's law, while the
teacher training system is limited by the cycle of educational resource allocation, forming a significant
development time lag. This difference in the rate of knowledge updating makes some teachers need
to cope with the demand for pedagogical applications of the new generation of tools before they have
mastered the current technology.

Cognitive paradigm shift poses a profound challenge. While traditional education emphasizes the
linear logic of knowledge transfer, generative Al supports a non-linear, generative process of
knowledge construction. Teachers need to transform from ‘knowledge authorities’ to “learning
collaborators”, a role shift that requires breaking through existing cognitive frameworks and
establishing a collaborative human-computer pedagogical mindset. According to the study, more than
half of the teachers who encountered generative Al at the initial stage had the tendency to simply
superimpose technological tools on traditional teaching, reflecting the difficulty in transforming the
educational paradigm.

The practice transformation gap has become a key bottleneck. Technical training often focuses on
the operational level of tools, while ignoring the creative application in teaching scenarios. Teachers
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need to transform algorithmic logic into educational wisdom, which cannot be achieved through
simple technology transfer.

Lagging evaluation system increases the difficulty of implementation. The current teacher
evaluation system lacks the dimension of intelligent educational literacy, resulting in the lack of a
results-oriented feedback mechanism for training. This lack of evaluation creates a “training-
application” gap, and teachers lack the motivation for continuous improvement. The construction of
a multi-dimensional evaluation framework for intelligent education literacy, including technological
understanding, collaborative innovation, and ethical awareness, has become an urgent need to
improve the effectiveness of training.

To solve these challenges, it is necessary to build a three-in-one teacher training ecosystem of
“dynamic resource supply-scenario-based learning-developmental evaluation” [14], as shown in Fig.
7.
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Figure 7. Teacher training ecosystem

Through the establishment of a technology interpretation community, the development of
immersive training courses, and the implementation of concomitant evaluation support, we can help
teachers realize the role of leaping from technology applicators to educational innovators, and provide
human support for generative Al-enabled educational innovation.

5. Summary and Directions

5.1 Summary. Generative Al technology is profoundly changing the field of education, and its
application has penetrated into the core links of personalized learning, teaching design, teaching
evaluation, etc., showing a significant technology empowerment advantage. In terms of personalized
learning, generative Al realizes real-time matching of ‘ability-content’ by dynamically generating
ladder learning resources, constructing three-dimensional knowledge maps, and transforming
multimodal content (e.g., VR experiments, haptic feedback learning packages), with a great
improvement in adaptation accuracy compared with traditional resources, and effectively improves
the learning experience of special education groups. Learning experience of special education groups
has been effectively improved. In the field of teaching design, Al tools represented by Khanmigo can
quickly generate structured lesson plans, provide massive teaching resources, save teachers'
preparation time, and support personalized adjustment to promote teaching innovation. In teaching
evaluation, generative Al promotes evaluation from result-oriented to process and developmental
assessment through multimodal data analysis (e.g., classroom speech logic recognition, in-depth
assessment of essays) and dynamic assessment systems, with typical cases such as KDDI's classroom
competency matrix and Batch. com's rhetorical optimization suggestion system.

The core advantages of generative Al are reflected in three aspects: first, data-driven decision-
making optimizes resource allocation and teaching strategies by analyzing massive learning behavior
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data; second, teaching cost optimization breaks the geographical limitation, bridging the gap between
urban and rural education with the help of the able education platform and Al tools (e.g. DeepSeek,
etc.), reducing the cost of a single classroom hour in rural areas to 1/5 of that of traditional education,
and continuously realizing education fairness; Thirdly, interdisciplinary ability cultivation breaks
through disciplinary barriers, fostering systematic thinking and innovation through dynamic
knowledge networks and virtual collaboration spaces. However, the application of technology still
faces multiple challenges: data privacy and security risks need to be addressed through differential
privacy and blockchain technology; ethical issues such as academic integrity crisis and algorithmic
bias require the establishment of transparent algorithms and a dynamic ethical review mechanism;
the teacher training system needs to shift from a tool-based operation to an educational paradigm
transformation to address the cognitive lag and practical gap; and the teacher training system needs
to shift from a tool-based operation to an educational paradigm transformation to address the
cognitive lag and practical gap. The teacher training system needs to shift from tool operation to
education paradigm transformation to solve the “cognitive lag’ and “practice gap”.

Overall, generative Al improves the efficiency and fairness of education through the mechanism
of human-machine collaboration, but its full-scale implementation needs to balance technological
innovation and ethical governance to build a sustainable educational ecology.

5.2 Directions. The future development of generative Al in the field of education will deeply
integrate technological innovation and ethical governance, and promote the continuous evolution of
the education system in the direction of intelligence and inclusiveness. With the in-depth combination
of multimodal technology and cutting-edge technologies such as meta-universe and brain-computer
interfaces, educational scenarios will break through physical limitations and build learning
environments that integrate reality and reality. For example, augmented reality (AR) technology can
restore immersive scenes of historical events, brain-computer interfaces can capture students'
cognitive state in real time and dynamically adjust the teaching content, and the training of large
models in vertical domains will enhance the accuracy of interdisciplinary problem solving. At the
same time, ethical challenges such as data privacy and algorithmic bias require the construction of a
globally unified data governance framework through federated learning and blockchain technology,
so as to realize the ‘usability and invisibility’ of educational data and the traceability and
authentication of academic results. The dynamic ethical review mechanism and transparent practices
of the open-source community will ensure the fairness and inclusiveness of the Al system, for
example, automatically detecting geographic discrimination in the recommendation of resources and
generating corrective solutions, so as to eliminate educational inequality from the bottom of the
technology.

The core of the future education ecosystem will revolve around the reshaping of teachers' roles
and social collaborative networks. Teachers will shift their role from knowledge transfer to emotional
guidance and innovation stimulation, and master human-computer collaboration strategies through
the dual-track training model of ‘Al literacy + education innovation’. Immersive classroom
simulation and Al collaborative design tools will help teachers cope with complex teaching situations,
while the collaborative network formed by the government, enterprises, schools and the community
can realize the dynamic deployment of educational resources through intelligent contracts. In addition,
generative Al will accelerate the process of inclusive education, develop adaptive interactive
interfaces (such as brainwave-controlled learning systems) for disabled groups, and build a lifelong
learning platform with global coverage.

In short, generative Al will deeply reconfigure the education paradigm, but its success depends on
the synergy of technological innovation, ethical constraints and social consensus. Only by building a
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“human-centered” intelligent education ecosystem can we truly achieve the double improvement of
education equity and quality.

References

[1] W.J. Zheng and C. Yu. Putting people at the centre: education for sustainable development - A
thematic review of the Global Education Monitoring Report 2016-2022[J]. Journal of
Guangdong Open University,2023,32(02):9-15.

[2] R.H. Huang Artificial intelligence is accelerating educational change: real challenges and
responses[J]. Chinese Journal of Education,2023, (06):26-33.

[3] X. Yang A Picture of Educational Transformation Based on Generative Acrtificial Intelligence -
What ChatGPT Really Means for Education[J]. China Electrochemical Education, 2023, (05):1-
8+14.

[4] Y.Y.LiandY.F. Zheng. Educational applications of generative artificial intelligence[J]. People's
Forum,2023,(23):69-72.

[5] J. Xiao, Q.C. Bai, and M. Chen. Generative artificial intelligence-enabled online learning
scenarios and implementation path[J]. Research on Electrochemical Education,2023,44(09):57-
63+99.

[6] W. Hu. How Artificial Intelligence Enables Teacher Development - Components and Generation
Paths of Teachers' Artificial Intelligence  Literacy[J]. Journal of  Teacher
Education,2024,11(02):39-47.

[7] X.F. Liao. A study of the effects of generative rubric feedback on academic performance,
motivation and self-regulated learning[D]. Huazhong Normal University,2024.

[8] J. Hu. Research on model construction and application of data-driven instructional decision-
making empowered by big language models [D]. East China Normal University,2024.

[9] Y Lu, J.L. Yu and P.H. Chen. Educational Application and Prospect of Generative Artificial
Intelligence-Taking  ChatGPT  System as an  Example[J]. China  Distance
Education,2023,43(04):24-31+51.

[10]Y. Dong and H. Chen. Generative artificial intelligence empowers interdisciplinary innovative
thinking cultivation: intrinsic mechanism and model construction[J].Modern Education
Technology,2024,34(04):5-15.

[11]G.G. Chai. Challenges and Responses of Generative Artificial Intelligence on Personal
Information Protection[D]. Beijing Foreign Studies University, 2024.

[12]J.R. Zhai. Alienation Phenomenon and Ethical Risks Caused by Generative Artificial Intelligence
[D]. Northwest Normal University, 2024.

[13]B. Chen and S.D. Dong. Algorithmic Risks and Governance Basis of Generative Artificial
Intelligence[J]. Learning and Practice,2023,(10):22-31.

[14]H.Y. Zhou and S.L. Chang. The future picture of generative artificial intelligence embedded in
higher  education, potential risks and its governance[J]. Modern Education
Management,2023,(11):1-12.

57



Journal of Education Reform and Innovation Volume 3, No.1, 2025

Artificial Intelligence in Education: Innovative Applications and Future
Prospects

Amina Javed?”, Yang Di% b and Ma Long™ ¢
123Xi’an Technological University, Xi’an, Shaanxi, China

samnajaved925@gmail.com, *1522659189@qg.com, ‘malong@xatu.edu.cn

Abstract. A collection of methods that let computers mimic human behavior is known as artificial
intelligence. Since its introduction in the 1950s, the idea of artificial intelligence has been applied in
many facets of modern life, with significant advancements occurring daily. It has active uses in a wide
range of fields, including education, sports, manufacturing, finance, and health. The simultaneous
introduction of technical advancements and innovations into training and educational settings has a
direct impact on the nations' levels of development and education. Having enough data is the most
fundamental prerequisite for developing artificial intelligence algorithms. Data collection from a wide
range of education stakeholders, including students, instructors, parents, school staff, administrators,
and employers, will be feasible during this process. These statistics, which are collected fully, will
serve as the foundation for software that will be created using artificial intelligence to understand
learning patterns and processes, as well as offer the chance to create data-supported strategies
generally for education policies. The idea of artificial intelligence is described in this paper along
with its applications in training and education, along with some of its benefits. Our nation's artificial
intelligence initiatives were examined, and recommendations for their use in education were made.

Keywords: Smart technologies; Intelligent tutoring systems; Educational data mining; Digital
transformation; Artificial intelligence (Al)

1. Introduction

The generic term for the concept of creating machines with entirely artificial tools that can display
intelligence is artificial intelligence (Al). human-like motions and actions, yet without the need of
any live thing. It is a collection of methods that let computers mimic human actions [1].

Despite being around since the 1950s, the idea of artificial intelligence (AI) motivates computer
scientists to create new, more sophisticated technologies. This generates enthusiasm for people who
utilize these technologies on a regular basis. With new developments every day, artificial intelligence
research has contributed to stretching the boundaries of creativity, particularly in topical years. Top
corporations in the information technology (IT) area, with Google, Apple, Facebook, and Microsoft,
have declared in recent years that the mobile-first world is over. They claimed that digital supporters
and other service area will serve as the main information source and carry out their duties in the Al-
priority world. The United Arab Emirates made history by establishing a Ministry of Artificial
Intelligence [2].

Numerous approaches can be considered in order to comprehend and apply Al. When there are
numerous variables, the secret to machine intelligence meaning, rationality, and action, followed by
experience-based adaptation [3]:

Finding and identifying significant items or ideas in large amounts of data is known as meaning.

Reason: Comprehending the broader picture and formulating a strategy to accomplish an objective.

Action: Outlining the best plan of action or getting right to the point.

Adaptation: Increasing the intelligence of algorithms by modifying them in light of experience at
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each level.

The advancement of mobile technologies has made the human world smarter, more data-
productive, and more technologically advanced. The Here, the devices' software serves by way of a
gauge of intelligence. The applications of artificial intelligence (AI), which are what are commonly
referred to as "smart technologies," are growing daily, and the field of Al is becoming more and more
expansive with time. These technologies are now used on a regular basis by both people and
organizations. Artificial intelligence (Al) has been applied in almost every industry, particularly in
industries like banking, healthcare, automotive, manufacturing, sports, and education. The volume of
data generated across all industries and daily life can be seen as the foundation of this development
in the modern world, where artificial intelligence will influence humanity's destiny. The question of
how and why these data will be processed is still relevant as we move through the digital revolution.
Nowadays, data is much more crucial than raw commodities were during earlier revolutions.

Here is the remainder of the article. The article's second section explains how Al is used and how
it contributes to data production. The fourth segment provided an explanation of Turkey's Al strategy
and methods, while the third half provided examples of Al's application in education. The study was
finished and a conversation and recommendations for Al applications in schooling were given in the
conclusion section.

2. Artificial Intelligence Use Areas

The 70-year development journey that began in the 1950s, when British mathematician, computer
scientist, and cryptologist Alan Mathison Turing proposed Al applications, has expanded to
tremendous proportions. Back then, the concepts that began with determining if the responses to the
questions were provided by a human or by a machine behind a curtain applied with many services in
many phases of us manage to survive to this day.

2.1 Finance Use Area. Lately, big businesses and organizations have begun to show interest in Al
technologies. If the Al applications being used are precise and intelligent, the balance sheets of
companies can be significantly improved. Al presents businesses with a plethora of opportunities.
Both the way new computers operate and the way existing computer systems function have altered
as a result of Al technology, and corporate and specialized solutions offer benefits. These advantages
are offered by Al-based applications not only on the front end but also in server systems and economic
processes, including marketing, fraud detection and prevention, data security, network security,
sentiment and news analysis, customer service, algorithmic transactions, loan/insurance, portfolio
management, and financial product recommendations [4].

These intelligent systems are utilized by businesses to make decisions now and/or in the future,
but from the standpoint of the client, put differently, users have a crucial role in maintaining, growing,
and allocating their financial assets. Nearly everyone uses Al applications in the financial industry,
from the most novice to the most experienced users. kids, etc. Numerous personal details build a
profile that the bank uses to assess the person and produce a risk map and credibility assessment.
Clusters in society are being formed and groupings are being added to the profile pool as a result of
the accumulation of this data. These intelligent systems are utilized by businesses to make decisions
now and/or in the future, but from the standpoint of the client, put differently, users have a crucial
role in maintaining, growing, and allocating their financial assets. Nearly everyone uses Al
applications in the financial industry, from the most novice to the most experienced users. kids, etc.
Numerous personal details build a profile that the bank uses to assess the person and produce a risk
assessment and reliability assessment. Clusters in society are being formed and groupings are being
added to the profile pool as a result of the accumulation of this data.
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Even while this mode of expression could appear unusual at first, it won't be all that different given
that all of the data going through the program is personal information. For instance, giving the bank
personal information on a loan application, such as age, education, employment, income, gender,
number of children, etc., creates a profile that the bank can use to assess the applicant and construct
a risk map and credibility. Clusters in society are being formed and groupings are being added to the
profile pool as a result of the accumulation of this data.

Making predictions based on historical data has become considerably simpler when making
business decisions because to advancements in artificial intelligence (Al) and the reduction in the
cost of processing data and extracting useful information from it using big data analysis techniques.
A distinct management approach is made possible by data-driven management decisions, where
managers of businesses ask the appropriate questions of robots rather than human specialists and use
the responses to inform their choices [5]. The financial industry is unquestionably one of the systems
where smart technologies will be used to make the best decisions. Data is used in business and
transactions in the finance industry, one of the industries where statistical information is routinely and
legally required. This industry has benefited greatly from advancements in data processing equipment,
estimate and modeling skills, and the creation of novel algorithms and computer methods.

2.2 Healthcare Use Area. Laboratory reports, imaging reports, pathology reports, diagnostic
reports, and drug information are among the many types of data generated daily by hospitals, clinics,
and medical and research institutions [6]. One of the major issues facing physicians is the Rapid
growth of healthcare data. According to recent research, big data and artificial intelligence (Al)
solutions are the way to handle the explosion of big data and satisfy the technological, financial, and
social needs of the healthcare industry. It is frequently challenging and demands a high level of data
analysis expertise to analyze such vast and complicated data. The interpretation of findings and
suggestions based on medical experience is the most challenging. These call for years of medical
training, expertise, and specialized abilities [7].

Among the research projects that call for cooperation are Al solutions in the healthcare industry.
Here, computer scientists with programming skills and healthcare professionals with medical
understanding must collaborate. Studies in the health area are the greatest well-known, despite the
fact that here are many multidisciplinary studies on this topic in the literature. Particularly in recent
months, the significance of these investigations has become evident. The Covid-19 pandemic, which
has impacted people worldwide, has highlighted the significance of applying Al in healthcare. Al is
being used in health in a variety of ways, including robotic surgery, remote surgery, medication
development and testing, and medical data security, in addition to disease detection and diagnosis.
due to the fact that data is constantly generated in every aspect of the healthcare industry.

Data is created, gathered, and kept in a variety of formats in the healthcare industry, including
digital, text, photos, scans, sounds, and videos. The quality of the data and every question that has to
be addressed from the target data collection should be known before applying Al to the data. It aids
in the development of the architecture, algorithm, and neural network for data type Al modeling [7].

Every day, health systems receive hundreds of data entries related to analysis, imaging, reporting,
diagnosis, medication, and therapy. Even so, these statistics include crucial data for the healthcare
industry; the constant growth of data causes issues for physicians. By associating patient data with
earlier diagnosed and treated patient data, decision support systems enable physicians to receive
assistance with diagnosis and therapy. To put it another way, Al technologies in the healthcare industry
are the ones that will create solutions for systems like imaging (MR), tomography, ultrasonography
(USG), x-ray, and angiography that produce a lot of digital data. Many diseases can be avoided even
if the cause is not immediately apparent. There is a significant negative ratio between the number of
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doctors and patients, despite the fact that medical experience is necessary for estimates, suggestions,
and explanations of results. Al technologies provide ways to overcome this shortcoming.

Research indicates that the healthcare Al business might expand at a 40% annual rate to reach $6.6
billion by 2021 and could lower the cost of 50% reduction in therapy [8]. By 2026, Al research might
result in annual health industry savings of $150 billion [9]. Al-based effective solutions for the
healthcare industry are always changing; instruments to reduce the workload for clinics and improve
the efficiency of medical personnel's work; addressing healthcare shortages as labor demand rises;
enhancing patient outcomes, quality, and efficiency; extending the access network and integrating
health data across multiple platforms; Examples of these solutions include ensuring information
security, increasing efficiency, transparency, and interoperability, among others.

The pharmaceutical industry is another sector that uses Al in health. Medication and treatment
responses can vary from patient to patient. Thus, individualized care is essential for increasing
patients' life expectancy, but identifying the criteria that should be taken into consideration while
selecting a treatment approach is challenging. Al has the potential to eliminate "one-type" treatment
and recommend individualized therapies, medications, and treatments, according to Dr. Bertalan
Mesko, who refers to it as "the stethoscope of the 21st Century" [10].

2.3 Automotive Use Area. Cars are gradually changing since four-wheeled iron boxes to vehicles
that fulfill their intended function. At the moment, inter-vehicle communication a well-known idea is
used. This procedure will create a network of communication amongst cars, which will lead to fewer
clogged roads and smoother traffic. In contrast to humans, this kind of Al system is built to make the
required decisions right away [11].

The World Health Organization estimates that 1.35 million individuals worldwide lose their lives
in automobile accidents each year. Additional Unprotected individuals, including walkers, cyclists,
motorcyclists, and passengers, account for more than half of all fatalities. Additionally, the cost of
these accidents’ accounts for 3% of the GDP of the majority of nations. The leading cause of death,
particularly for those between the ages of 5 and 29, is traffic accidents. Fascinating fact: whereas the
number of automobiles in low- and middle-income countries accounts for 60% of the worldwide
vehicle rate, 93% of traffic accident fatalities occur in these nations. Twenty to fifty million persons
suffer non-fatal injuries as a result of traffic accidents. Many of them have injuries that have left them
incapacitated.

If a list of the causes of road accidents worldwide is provided [12];

e Human error,

e speeding,

e driving while intoxicated or under the encouragement of other psychotropic materials,
e not wearing seat belts, kid seats, or motorcycle helmets,

e unsafe vehicles,

e unsafe road infrastructure,

e distracting driving,

e poor post-collision maintenance,

e The traffic laws are inadequate.

Human error is the most significant factor that automobile technology has left behind. Global
traffic accident statistics have reached alarming levels [13]:

e Accidents claim the lives of 1.3 million people annually, or 3.287 people every day.
e Of them, 400,000 are younger than 25 (about 1,000 each day).

e There are between 20 and 50 million people who are injured or crippled.

e The global cause of death rate is 2.2%, ranking ninth.
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e Ifnothing is done, the imitation on the data indicates that it will drop to fifth place in 2030.
e The total expense of traffic accidents is $518 billion.

Because of these findings, Al plays a significant role in motor vehicles. The goal of Al technology
is to ensure that drivers drive safely and to reduce the likelihood of collisions between cars and
vehicle-to-vehicle communication. When properly implemented, this technology will greatly enhance
driving enjoyment, efficiency, and road safety [11]. Both at the user and production levels, artificial
intelligence (Al) is now widely used in the automotive sector. Nowadays, a lot of industries have
moved to smart production technologies and modified their automation systems to use Al. This is
when the industry's employment of Al entered the picture.

2.4 Usage in Industry. Al technology significantly improves the production sector in areas like
reusability, residual material amount, product design timeframes, and quality control. Manufacturers
use artificial intelligence-based systems to analyze real-time data generated in their production
processes in order to improve product quality, efficiency, and worker safety.

One of the Al technologies, machine learning, has made it feasible to evaluate huge amounts of
data and deliver predictions. With the help of machine learning algorithms' pattern recognition
capabilities, Al is able to independently produce knowledge from experience. Al is therefore essential
to industry 4.0 [14].

As Al technologies are incorporated into factories and industrial facilities, the idea of Industry 4.0
is becoming more and more prevalent in our daily lives. Dark factories are used for production, which
is tailored to the demands of business. These days, the human labor finds a place in better-suited roles.
Intelligent technologies are employed in computations as well as in what is referred to as power. All
systems are notified in the event of a production line breakdown, and technical support can be started
right away.

The entire world today acknowledges that Al technologies have a significant impact on and change
production technologies. Because of this, businesses who hope to thrive in the coming ten years have
already begun integrating Al into their R&D procedures, customer relations management, employee
training, and hiring procedures [15]. Employees and manufacturers alike should adjust to the role of
artificial intelligence in the sector in this direction. When applied to production systems, these
technologies require personnel at the user and programming levels in addition to interpreting units
and workers through the analysis of these systems' output.

2.5 Sports Field Use Area. Al is starting to show up in many facets of life, including sports. Sports
teams, for instance, set up scouting squads to monitor player performance and make transfers based
on predetermined standards. These performance data contain a large number of parameters. At this
point, Al analyzes complex data using these factors to give the scouting team the information they
require.

Artificial intelligence (AI) technologies have a big impact on sports games. In contrast, Al
technologies are employed at numerous levels, ranging from the study of rival teams to the physical
preparedness and working statistics of athletes. Actually, as part of an Al study, 400 sports branches'
worth of data were used to create a brand-new game called Speed gate [16].

The 2012 film Moneyball, which was based on a true tale, focused on Oakland Athletics general
manager Billy Beane, who had to start a baseball team on a very tight budget. The movie received an
Oscar nomination. The manager discovered the answer in the Al program. After conducting data
analysis, he assembled a team with a significantly smaller budget than other teams, and in 2002, this
team achieved notable success by winning 20 straight games.

3. Artificial Intelligence in Education Area
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The most fundamental prerequisite for developing Al algorithms is to supply enough data. Data
from a wide range of education stakeholders, including students, instructors, parents, school staff,
administrators, and employers, will be gathered during this process. Determining which dimensions
will be taken at which educational level for each stakeholder is essential at the start of this procedure.
For instance, when a youngster enrolls in school today, they begin their educational journey with only
their identity information. Teacher observations serve as the basis for evaluations that are conducted
throughout time. Regarding how unique the observations are for every student, there is no control
mechanism. Because of this, it is crucial to gather information from children about the elements that
will influence their learning at a young age and use it to inform the teaching process. These thoroughly
collected data will serve as the foundation for software that will be created using Al to study learning
patterns and processes, as well as offer the chance to create policies based on data generally for
education policies [17].

Even if every industry is adjusting to Al technologies these days, educational practices which are
the most crucial pillars of a nation cannot ignore these emerging technologies. Millions of people
participate in educational activities in this field, and the outcomes of such endeavors have an impact
on a nation's future. Individuals are the field's inputs and outputs. This is why essential tasks are
completed. One of the necessities of our time is technology, which cannot be kept out of this sector.
Al technologies are required in numerous areas, including career counseling, assessment and
evaluation systems, instructional strategies, and educational content.

Al's effects on education are still far from taking a comprehensive approach. The majority of
studies in the literature discusses Al's potential in education and outlines the advantages it will offer
going forward [18-21]. Additionally, Al-supported training has begun to be implemented in a few
fields, namely medicine, particularly in undergraduate and graduate education. Once more, these
training components take the shape of tangible materials that support the course curriculum. In order
to identify hip fractures on a plain pelvic video, Chi Tung Cheng et al. (2020) created an Al-based
medical image learning system and used it with a group of students. They used a standard educational
approach with a different class of pupils.

Compared to the control group, the accuracy gain in the Al learning group was noticeably greater.
The study showed that using Al to improve medical education is feasible [22]. Kharbat et al. (2021)
examined the literature on the application of artificial intelligence in education for students with
logical and developmental incapacities in another health study. They concluded that the possible use
of health data in artificial intelligence is even more crucial after discovering numerous gaps in the
application of Al to serve students with intellectual and developmental disabilities. For kids with
intellectual or developmental problems, they developed a block diagram for the application of Al in
the classroom [23]. In 2020, Mirchi et al. investigated a novel framework leveraging explainable Al
for simulation-based surgical instruction, and evaluate the concept by developing an automated
feedback platform called Virtual Operational Educational Assistant. Using four criteria, the Virtual
Operational Assistant was able to accurately classify participants who were proficient and those who
were not, with 92, 82, and 100% accuracy, specificity, and sensitivity, respectively. The educational
framework presented in this study lays the groundwork for the possible integration of artificial
intelligence (Al) and virtual reality simulation into surgical education [24]. Engineering education is
another area that has been researched in a manner akin to that of medicine. The introduction, evolution,
and prospects of Al-based smart engineering education were examined by Ouyang et al. (2020).
According to the study, Al's primary contribution to smart engineering education is to provide
direction for next teaching, learning, and design procedures [25]. A few studies have been conducted
regarding the course to be taken and the policies to be decided upon for the use of Al in education.
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The following is a summary of some challenges with the policies that need to be decided [26]:

e Traditional formal education institutions are undergoing significant changes, possibly even a
paradigm shift, in digitally-driven knowledge economies.

e Many pre-service and in-service instructors are not prepared to accept and adapt new
technologies.

e The protection of privacy and personal data from economic exploitation, unlawful disclosure,
and other misuses is urgently needed.

It is a given that Al and machine learning algorithms will be used in education not just for in-class
applications but also for studies conducted at institutions. As an illustration of this, Yurtsal and Kaynar
(2019) conducted a study to use genetic algorithms to address issues that come up throughout the
curriculum preparation process in the educational institution. Faculty curriculum issues were resolved
using the algorithm created for the study, and the system's effectiveness was assessed [27].

Al makes it possible to automate fundamental educational tasks. The goal of the assignments and
assessments designed for today's high school students is to analyze their level of competency, fill up
their subject-matter gaps, and identify the career group in which they will succeed in the future. Al
develops this process with planning by analyzing the student's data. Al is used in the initial stage to
assess the student's knowledge and abilities. AL, which develops programs based on knowledge and
skills, arranges them according to each learner since it is aware of their areas of weakness. With its
individualized teaching, Al helps pupils discover who they are and become successful, job-loving
persons in the future [28].

The variety of pupils' learning speeds has been explored, and individual learning differences in
particular have gained attention in the area of education in current years. In practice, the most
significant contribution of Al technologies will be their ability to be tailored to each student's unique
learning style and speed. This will allow all kids to learn in classrooms at their own speed rather than
necessarily at the same rate. With the help of these teaching strategies, quick learners will be able to
advance more quickly and engage in repeated learning, which will help students who struggle with
learning to understand the material.

It's possible that teachers are unaware of every error that pupils have made on assignments or
assessments. Al has made it feasible to resolve this issue. In Al-supported applications, the teacher
can give hints regarding the assignment or question to be answered if the student completes his
homework incorrectly or completes a portion of it incorrectly. In this manner, after being fed data, Al
recognizes potential issues, utilizes previously generated data, and gives the student the appropriate
responses by providing hints [18].

Another crucial component of using Al in education is career counseling. From the time they enter
preschool until they graduate from secondary school, students are monitored throughout the system
for a considerable amount of time. Teacher observations from earlier times to the present form the
basis of this procedure. Many students would avoid the inspection of the teachers, especially in
countries with dense populations and big class numbers. Furthermore, not every student exhibits the
same learning style. Because of this, it is possible to draw fairly accurate conclusions about the
domain the Al systems through the examination of both structured and unstructured data. It is possible
to implement this orientation at the secondary school level. As a result, people in society who work
in their preferred career will be happy in the future (Figure 1).
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Figure 1. Artificial neural networks in education for career counseling

Figure 2 illustrates the benefits and possibilities of implementing artificial intelligence in education
using a block scheme.
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Figure 2. The benefits and possibilities of implementing Al in education

4. Al Application Steps of COMSATS University Islamabad in Education

Improving a nation's development and educational standards requires the quick integration of
technological advancements, especially artificial intelligence (Al), into educational systems. Since
the 2000s, artificial intelligence (Al) has revolutionized a number of industries. In order to incorporate
Al into the nation's educational system, COMSATS University Islamabad (CUI) has proactively
adopted research-driven programs, strategic planning, and partnerships.

4.1 COMSATS AI Integration Vision and National Collaboration. The role of COMSATS
University Islamabad (CUI) in incorporating artificial intelligence (Al) into Pakistan's technical and
educational environment has evolved considerably. In line with national programs like the "Prime
Minister's Youth Skill Development Program" and the Organization of Federal Education and Skilled
Training "High Impact IT Training" project, CUI has played a key role in faculty training, the
development of Al-driven learning platforms, and the establishment of a centralized Educational Data
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Warehouse. The university emphasizes the use of Al and learning analytics approaches to assess
students' academic progress in addition to behavioral and aptitude data. A dedicated research team at
CUI supports Al-based performance evaluation systems to improve educational efficacy and reduce
administrative expenses. CUI leads efforts to collect, assess, and share scientific data in collaboration
with academic institutions and national R&D agencies in order to inform Al policy in education.

The Al Innovator's Bootcamp, a 16-week intensive program that aims to give participants practical
skills in Python programming, machine learning algorithms, deep learning, natural language
processing, computer vision, data preprocessing, and model deployment, was introduced by CUI in
2024 as part of its expansion of its Al initiatives. This bootcamp aims to equip participants for work
in artificial intelligence by providing them with hands-on experience with real-world applications.
The Department of Computer Science at CUI also offers a comprehensive Bachelor of Science in
Artificial Intelligence degree. With a focus on ethical and responsible Al techniques, it covers
foundational subjects like machine learning, robotics, deep learning, and natural language processing.
These programs seek to produce graduates who can contribute significantly to a variety of industries,
including healthcare, finance, and education, by developing and implementing Al-based solutions.

4.2 “Al Applications in Education" Collaboration Procedure with COMSATS University
Islamabad. In order to apply cutting-edge Al solutions in education, COMSATS University
Islamabad and the Organization of Federal Education and Skilled Training formally partnered in 2024
[31]. This collaboration aims to provide individualized learning materials, Al-powered adaptive
learning platforms, and intelligent career planning advice tools for students. A three-stage roadmap is
outlined in the protocol:

e Identifying future-ready Al competencies and updating technical and vocational curricula to
meet market demands.

e Creating personalized learning materials and incorporating Al into national education data
systems.

e Training educators and students on risk management, data privacy, and Al ethics. These
programs demonstrate CUI's leadership in Al education and commitment to preparing the next
generation with the fundamental knowledge and abilities needed to use Al.

4.3 COMSATS AI Strategy and Policy Alignment. With a focus on capacity building, ethical Al
use, and global competitiveness, COMSATS University [slamabad (CUI) has strategically matched
its institutional growth strategy with Pakistan's National Artificial Intelligence Policy. The university's
internal Al plan (2020-2040) aims to develop human-centered Al expertise and establish itself as a
national leader in Al education. To do this, CUI is investing in faculty training, curriculum
development, and cross-disciplinary research. The proposal highlights the importance of training
educators who can implement Al-integrated teaching methods and support long-term policy goals at
the federal level [32].

CUI formed a coalition with top universities like NUST, UET Lahore, UET Peshawar, NED
University, and Punjab University to create a Rs. 1 billion Al initiative in support of this aim. With
an emphasis on fields like robotics, cybersecurity, big data, and Al-driven applications, this
partnership seeks to construct nine cutting-edge laboratories in Islamabad, Lahore, Peshawar, and
Karachi. Additionally, the Department of Computer Science at CUI provides a thorough Bachelor of
Science in Artificial Intelligence degree that emphasizes moral and responsible Al practices while
covering fundamental areas including machine learning, robotics, deep learning, and natural language
processing. These programs establish COMSATS University Islamabad as a key factor in the
advancement of Al education and are in line with government plans to develop a workforce that is
skilled in Al technologies and ready for the future.
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4.4 Al-Themed Robotics and Innovation Competitions. COMSATS University Islamabad has
arranged and hosted several national robotics and Al competitions in keeping with its goal of
educating people about Al. These gatherings, which frequently center on real-world Al applications,
give teachers and students hands-on experience putting Al-driven ideas into practice. Al-focused
research symposiums, capstone projects, and hackathons are some of the ways the university
promotes student-led innovation. In this way, CUI promotes a culture of experimentation and practical
learning, converting theoretical understanding of Al into useful applications in smart systems,
healthcare, and education. In addition to improving Al literacy, these programs bolster Pakistan's
ability to take the lead in implementing Al in education [33].

5. Conclusion

Studies on AI have been conducted for 70 years, and they have accelerated dramatically,
particularly in the 2000s. Every discipline is at work. using artificial intelligence (AI) technology and
are now being used practically in every aspect of daily life. Al technologies are now used in every
business, including manufacturing, services, finance, sports, industry, and the automotive sector,
making it impossible for educational technology to ignore them.

Everything from teaching strategies and tactics to valuation and calculation services to career
counseling, the application of Al technologies in education is evident in every facet of the field. As
technology advances and the world changes, so do the types of instructional activities that can be
used and their diversity. Teachers' teaching methods should adapt to the changing learning styles of
their students.

The digital skills of those who will utilize these applications or supply data here, as well as the
computer scientists who have installed this program in the applications' background. Teachers in
particular must employ useful Al tools in the classroom, supply data, and decipher the analysis and
comments derived from this data. Thus, those in charge of making decisions and establishing policies
on the administration of training and education initiatives ought to go in this direction.

Given that Al systems will use teachers' perspectives while evaluating students, the data that must
be input into the system by teachers may present a variety of issues. Teachers' digital competencies
are the first of these issues. A teacher must use the system and adapt in order to enter data accurately.
They also need to have faith in the system's output. The majority of educators in the educational
system are members of the X and Y generations. These educators also referred to as digital immigrants
later incorporated digital technologies into their daily lives [34, 35]. As a result, not all educators are
equally proficient with digital tools. The digital skills of educators, who are among the most crucial
players to consider when deciding on Al methods, data into this system, should also be considered
and backed up by in-service training components. Data entry by teachers without reliable and
comprehensive student information would be another issue. To solve this issue, schools can establish
commissions. They can contribute to the system by coming up with ideas using techniques like
brainstorming, discussion, and critical thinking, in addition to the viewpoints of the student's tutorial
room teachers, councils comprising school analysts, other teachers enrolled in the student's course,
and even the class managers.

It has been noted that certain websites that use these programs to conduct educational activities
under commercial terms do so. To move solidly into the future, national education strategies shouldn't
ignore new technologies. Each nation's individual citizens' educational records are kept by the
Treasury. The destiny of the nations will be determined by educational initiatives that address
contemporary requirements.

Turkey has made great strides in innovation, and all of the forward-thinking initiatives are for it.
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In roughly ten years, the effects of these actions will start to become apparent. The benefits of these
activities to the nation will start to show themselves when they are carried out with tenacity and
resolve. These systems' follow-up throughout the preschool and first grade years and into formal
schooling will result in the development of people who are content with the nation's labor and social
life due to their skills, interests, and desires.

A challenge that will come up with these systems' adaptation to schooling must be discussed in the
study's final section. whether or not parents will take Al systems' recommendations into account,
particularly when it comes to job counseling. A methodical investigation is necessary in this case. The
public must be adequately informed about this integration. Both public service announcements and
school-sponsored promotional guidance initiatives should boost parents' trust in the system. Here, I
suggest that the recommendation systems made with a potential Al career guidance, the positive or
negative perspectives of the parents, be investigated as a future research topic, particularly for those
who will pursue graduate studies in educational management and supervision. These parental
preparation levels should be taken into consideration when the Ministry prepares its policies, and the
appropriate actions should be implemented.
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Abstract. With the rapid development of information technology, Extended reality (XR) technology
has gradually integrated into the field of virtual distance education, injecting new impetus into its
development. This article conducts an in-depth exploration of the application of XR technology in
virtual distance education, meticulously analyzing its profound impact on classroom ecosystem
reconstruction and the transformation of student participation patterns. Through a combination of
literature review, case studies of 12 virtual distance education courses adopting XR technology, and
surveys involving 800 students, this paper systematically expounds on how XR technology constructs
an immersive learning environment. By creating 3D virtual scenes, XR technology increases students'
concentration during virtual classes by 35% according to our survey data. It also promotes
personalized learning, allowing students to adjust the learning pace and content according to their
own needs. Additionally, XR technology significantly enhances interactivity. The real - time
interaction functions such as virtual group discussions and collaborative experiments have increased
student participation frequency by 40%, effectively improving the quality and effect of virtual
distance education. Furthermore, the article delves into the challenges encountered during the
application of XR technology, including high implementation costs (average course development cost
increased by about $5,000 per course) and technical compatibility issues. Corresponding coping
strategies are proposed, such as government - enterprise cooperation to share costs and the
establishment of unified technical standards. This research not only reveals the potential of XR
technology in virtual distance education but also provides practical references and actionable
suggestions for promoting the innovative development of virtual distance education, offering valuable
insights for educational institutions and policymakers.

Keywords: Extended reality (XR) technology ;  Classroom ecosystem ;  Virtual distance
education; Immersive learning environment; Technical compatibility

1. Introduction

Virtual distance education, emerging as a revolutionary educational paradigm in the digital age,
has witnessed exponential growth since the advent of the Internet. Initially, it started as simple text-
based correspondence courses, gradually evolving into multimedia-supported platforms with video
lectures and online discussions. In the post-pandemic era, the global market for virtual distance
education has surged, with a Compound Annual Growth Rate (CAGR) of 18.7% projected from 2023
to 2030, according to a recent report by MarketsandMarkets. This explosive growth underscores its
significance as a viable alternative to traditional in-person education.

However, beneath the surface of its rapid expansion, traditional virtual distance education
confronts several inherent challenges. Research by UNESCO indicates that dropout rates in online
courses often exceed 40%, primarily due to issues such as low engagement, limited interactivity, and
a lack of immersive learning experiences. The one-size-fits-all teaching model, which relies on pre-
recorded lectures and standardized assessments, fails to cater to the diverse learning styles and paces
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of individual students. This has led to concerns about the quality and effectiveness of virtual distance
education, sparking a search for innovative solutions to enhance its educational value.

Extended reality (XR) technologies, encompassing virtual reality (VR), augmented reality (AR),
and mixed reality (MR), offer a promising avenue for addressing these challenges. Grounded in the
constructivist learning theory, which emphasizes active learning and the construction of knowledge
through experience, XR technologies enable the integration of virtual information with the real
environment, creating immersive and interactive learning scenarios. For instance, VR can transport
students to historical events, scientific laboratories, or distant geographical locations, while AR can
overlay digital content onto the physical world, enhancing the understanding of complex concepts
[1].

In recent years, the application of XR in education has gained increasing attention. A meta-analysis
by Johnson et al. (2022) found that students who learned with XR technologies demonstrated a 25%
higher retention rate compared to those in traditional learning environments. Nevertheless, most
existing studies have focused on the application of XR in formal classroom settings, with relatively
little research exploring its potential in virtual distance education. The classroom ecosystem in virtual
distance education, characterized by its digital nature and spatial separation, presents unique
opportunities and challenges for XR integration, such as how to recreate the sense of presence and
social interaction that are essential for effective learning.

Against this backdrop, understanding how XR technology can empower virtual distance education,
reshape the classroom ecosystem, and transform student participation patterns becomes not only an
academic imperative but also a practical necessity. This research aims to fill this gap by exploring the
multifaceted impact of XR technology on virtual distance education, analyzing its potential to
enhance learning experiences, and proposing strategies to overcome the challenges associated with
its implementation. By doing so, it seeks to contribute to the theoretical understanding of technology-
enhanced learning and provide practical guidance for educators, policymakers, and instructional
designers in the field of virtual distance education.

2. Overview of Extended Reality Technology

2.1 The Connotation and Classification of XR Technology. XR technology is a general term for
technologies such as virtual reality (VR), augmented reality (AR), and mixed reality (MR). Its core
lies in reshaping the interaction experience between users and the environment through digital means,
bringing transformative breakthroughs to fields such as education, healthcare, and industry.

Virtual reality (VR) technology builds a fully enclosed virtual environment through head-mounted
display devices (such as Meta Quest, HTC Vive, etc.), combined with high-performance computer
graphics rendering and spatial positioning technologies. Take the PICO 4 Pro as an example. It is
equipped with a 4K + super vision screen and a 120Hz high refresh rate. Combined with the Inside-
Out tracking technology, it can achieve 360° spatial positioning, and synchronize the user's head
rotation, limb movements with the virtual scene in real time. In the field of medical education, medical
students can use VR devices to enter virtual operating rooms, repeatedly practice high-difficulty
surgical operations such as coronary artery bypass and neurosurgery, and sense the resistance and
touch of surgical instruments through haptic feedback gloves, effectively avoiding the risks of real
operations.

Augmented reality (AR) technology relies on the cameras and sensors of smart terminals (such as
smart phones and smart glasses) to precisely superimpose virtual information onto real scenes. The
ARK:it framework launched by Apple and Google's ARCore platform, through SLAM (Simultaneous
Localization and Mapping) technology, can quickly identify planes and objects in the real
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environment and achieve stable anchoring of virtual models. In the field of cultural heritage protection,
tourists can scan the murals of the Mogao Caves in Dunhuang with AR applications, and the dynamic
stories and restoration processes of the murals can be presented on their mobile phone screens. In
industrial maintenance scenarios, engineers wearing AR smart glasses can obtain real-time 3D
maintenance guidelines and fault diagnosis data of the equipment, increasing maintenance efficiency
by approximately 40%.

Mixed reality (MR) technology further blurs the boundary between the virtual and the real.
Represented by Microsoft HoloLens 2, it adopts optical waveguide display technology to project
holographic images onto the real space with an ultra-large 70° field of view Angle. Meanwhile, it is
equipped with the Eye Tracking eye tracking and gesture recognition system. Support users to operate
virtual objects through natural interaction. In the field of architectural design, designers can use MR
Devices to superimpose virtual architectural models in real architectural Spaces and adjust the
structural layout and decoration style in real time. In remote collaboration scenarios, team members
from different regions can share the same MR Space and collaboratively modify virtual prototypes,
significantly improving communication efficiency.

2.2 The Characteristics of XR Technology.

High Immersion. XR technology builds a highly immersive learning environment through multi-
modal perception fusion. Research shows that learners in VR environments have a 23% decrease in
cortisol levels and a 60% increase in attention concentration (Smith, 2023). Take language learning
as an example. Learners are placed on the virtual streets of New York and have English conversations
with virtual NPCS. The noise of the streets, the changes in the light and shadow of shop signs,
combined with the dynamic weather system, transform language learning from mechanical memory
into situational application. In aerospace education, trainees experience the entire process of rocket
launch through VR simulators, from the vibration feedback during ignition to the overload simulation
during lifting. The all-round sensory stimulation enables them to quickly master the complex
operation procedures [2].

Natural Interactivity. XR technology breaks the limitations of traditional human-computer
interaction and supports diversified interaction methods. Gesture recognition technology, based on
deep learning algorithms, can capture users' hand movements in real time. For example, in a virtual
laboratory, students can complete operations such as pouring and stirring chemical reagents through
gestures. Voice control combined with natural language processing (NLP) technology makes the
issuance of instructions more convenient. For example, in a VR history class, students switch scenes
of different historical periods through voice instructions. Eye-tracking technology can automatically
zoom in and display relevant learning content based on the user's gaze focus. In medical anatomy
courses, the system will focus on the organ that the student is staring at and pop up detailed
physiological structure analysis.

Scene Construction Ability. The scene construction capability of XR technology relies on real-
time rendering engines and massive digital resource libraries. Engines such as Unity and Unreal
Engine support physical-level material rendering and dynamic lighting simulation, and can quickly
generate realistic scenes. In history education, the scene of the "Battle of Red Cliffs" recreated through
XR technology, with the burning special effects of warships, the shouts of soldiers, and the dynamic
waves of the river, enables students to directly experience the grand scene of the war. In the field of
biological science, the division process of microscopic cells is magnified a million times for display.
The helical structure of chromosomes and the synthetic pathways of proteins are clearly visible,
making abstract knowledge concrete. In addition, XR technology also supports dynamic
customization of scenes. Teachers can quickly adjust scene parameters according to teaching needs
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to achieve personalized teaching.

3. The Current Situation and Challenges of Virtual Distance Education

3.1 The Current Development Status of Virtual Distance Education. With the popularization
of the Internet and the rapid development of information technology, the scale of virtual distance
education shows a continuous expansion trend. According to the 53rd "Statistical Report on the
Development of China's Internet" by the China Internet Society (CNNIC), by the end of 2024, the
number of online education users in China had reached 485 million, accounting for 46.7% of the total
number of Internet users. This huge user group is driving the vigorous development of the online
education market. (China Internet Society) The 53rd Statistical Report on the Development of China's
Internet [R]. 2024. All kinds of online course platforms have sprung up like mushrooms after rain,
covering various fields from basic education to higher education and vocational training. In terms of
basic education, platforms like "Xueersi Online School" and "Yuanfudao" have gathered a large
number of high-quality primary and secondary school course resources. They not only offer
synchronous classes and special topic tutoring, but also provide personalized study plans and
intelligent question bank practice. In the field of higher education, the "China University MOOC"
platform integrates high-quality courses from hundreds of domestic universities, covering multiple
disciplines such as liberal arts, science, engineering, and medicine. Students can obtain high-quality
educational resources from prestigious universities through online learning and even earn
corresponding credit certifications. In the field of vocational training, platforms such as "Tencent
Classroom" and "NetEase Cloud Classroom" have launched a wide range of courses including IT
skills, language learning, and workplace skills, meeting the needs of different groups to enhance their
professional competitiveness.

Many colleges and universities actively adapt to the trend of digitalization in education and have
launched online degree courses one after another. For instance, since its establishment, the Open
University of the UK has been dedicated to distance education. Its online degree programs cover over
180 countries and regions around the world. Students complete their studies through online learning,
distance examinations and other means, and obtain degree certificates with the same validity as those
of traditional students. Shenzhen University in China has also launched multiple online degree
programs, providing convenient further education channels for working professionals and students
who are unable to study on campus. At the enterprise level, virtual distance education has become an
important way of employee training. Take Huawei as an example. The "Huawei University Online
Learning Platform" it has built internally integrates various courses such as technology research and
development, marketing, and management and operation. Through online training, it provides more
than 100,000 employees with opportunities for knowledge update and skill improvement every year,
effectively enhancing the professional quality of employees and the core competitiveness of the
enterprise.

3.2 The Challenges Faced by Traditional Virtual Distance Education. Under the traditional
virtual distance education model, students mainly study by watching video courses and participating
in online discussions. This model has obvious limitations, among which the most prominent problem
is the lack of immersive learning experiences. Relevant research shows that students who watch video
courses for a long time have an average concentration time of no more than 20 minutes, and over 60%
of the students report that they tend to feel bored and tired during the learning process. Take the
statistics of a certain online university as an example. The average completion rate of its video courses
is only 35%. A large number of students give up halfway through their studies, and it is difficult to
maintain their enthusiasm for learning continuously.
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The interaction between teachers and students as well as among students mainly relies on text
chatting, voice calls or simple video conferences. Written communication often has problems such as
untimely information transmission and ambiguous expression, making it difficult to convey rich
emotions and body language. Although voice calls can facilitate real-time communication, they lack
visual assistance and are not effective in explaining complex knowledge. Simple video calls are often
restricted by the network environment. Problems such as picture stuttering and sound delay affect the
communication quality. For instance, in some online discussion groups, due to the limited interaction
methods, the communication among students only remains at the surface level of viewpoint
statements, making it difficult to carry out in-depth academic discussions and ideological collisions,
and thus unable to achieve efficient collaborative learning.

Traditional virtual distance education usually adopts a "one-size-fits-all" teaching method, which
is difficult to meet the personalized learning needs of students. There are significant differences
among students in terms of learning ability, interests and hobbies, and knowledge background, but
traditional courses often adopt uniform teaching progress, teaching content and evaluation standards.
For instance, in a certain online programming course, some students with a good foundation quickly
mastered the course content, while those with a weak foundation gradually lost confidence in learning
because they couldn't keep up with the pace. Eventually, this led to a serious polarization in the
learning effects among different students and made it difficult to achieve educational equity.

The imbalance in network infrastructure construction is also an important factor restricting the
development of virtual distance education. In some remote mountainous areas and economically
underdeveloped regions, the network coverage is limited, the network bandwidth is insufficient, and
problems such as network lag and disconnection often occur. According to a survey by UNESCO,
approximately 317 million students worldwide are unable to participate in online learning normally
due to the imperfect network infrastructure. In rural areas of western China, some schools frequently
interrupt video courses due to unstable networks when conducting online teaching, which makes it
impossible for teaching activities to proceed smoothly and seriously affects students' learning
experience and teaching quality (refer with: Table 1).

Table 1 Traditional vs. XR virtual distance education: key dimensions

Dimension Traditional ~ Virtual  Distance | Virtual Distance Education
Education Supported by XR Technology
Immersion Low (rely on 2D videos/text) High (3D virtual scenes, multi-

sensory stimuli)

Student Attention Concentration Significant decline after an average | 35% increase (survey data)
of 20 minutes

Interaction Frequency Low (mainly text/voice, with | 40% increase (virtual group
obvious interaction delays) discussions/real-time
collaboration)
Personalized Learning Support Uniform progress and content, | Intelligent resource push, supports
lacking adaptability self-adjustment of difficulty
Knowledge Retention Rate Approximately  40-50%  with | Increased to over 65% (Johnson et
traditional methods al., 2022)

4. XR Technology Reshapes the Ecosystem of Virtual Distance Education Classrooms
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4.1 Stimulating Learning Interest and Motivation. XR technology can create highly realistic
virtual learning scenarios, allowing students to feel as if they were in a real learning environment. In
history courses, VR technology can be utilized to recreate the scenes of ancient wars and significant
historical events. Students can experience the historical atmosphere as if they were there, observe the
activities of historical figures, and enhance their understanding and memory of historical knowledge.
In language learning, by constructing virtual language communication scenarios, students can have
conversations with virtual characters, exercise their oral expression skills, and enhance the
practicality and interest of language learning. This immersive learning environment can attract
students' attention, stimulate their interest in learning, and make them participate in learning more
actively [5].

4.2 Promote Personalized Learning. XR technology can provide personalized learning paths and
contents for each student based on their learning data and behaviors. Through learning analysis
technology, the system can understand students' learning progress, knowledge mastery, learning
habits, etc., and then intelligently push learning resources and tasks suitable for students. For students
with strong comprehension abilities, more challenging extension contents can be provided. For
students with a weak foundation, efforts should be made to strengthen the consolidation and practice
of basic knowledge. In science experiment courses, students can choose experimental projects of
different difficulties based on their interests and abilities, and conduct repeated attempts in a virtual
environment. The system will provide targeted guidance and feedback according to the students'
operation process, meeting their personalized learning needs (refer with: Figure 1) [4].

Weak Foundation —bI Basic Consolidation Resources l\

Student Learning Data Collection |—4 Learning Analysis Technology I Real-Time Feedback and Adjustment

~ Strong Ability =——> Expansion Challenges

Figure 1. Personalized learning path flowchart

4.3 Enhance Interactivity. In the virtual distance education classroom supported by XR
technology, the interaction between teachers and students as well as among students becomes richer
and more natural. Teachers can have face-to-face communication with students through virtual
avatars in virtual classrooms, providing real-time explanations, guidance and answering questions.
Students can interact with teachers and other classmates through gestures, voices and other means,
and participate in group discussions and cooperative learning projects. For instance, in virtual
geographical investigation activities, students are divided into groups to explore and analyze the
virtual geographical environment [3]. Through interactive communication, they share their
discoveries and viewpoints and complete the investigation tasks together. This enhancement of
interactivity helps cultivate students' communication skills, teamwork ability and critical thinking
ability.

4.4 Change the Presentation Method of Teaching Resources. The teaching resources of
traditional virtual distance education are mainly in the form of text, pictures and videos, which are
relatively monotonous. XR technology makes the presentation of teaching resources more diverse
and three-dimensional. For instance, in medical education, through 3D modeling and VR technology,
human organs and tissue structures can be presented in realistic three-dimensional models. Students
can observe and disassemble from different angles to gain a deeper understanding of the physiological
structure of the human body. In engineering design courses, students can utilize AR technology to
superimpose design drawings, product models and other information on real objects, visually observe
the actual effect of the design plan, and enhance their understanding and application ability of design
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knowledge. The rich and diverse presentation methods of teaching resources can better meet students'
cognitive needs and improve learning outcomes.

5. XR Technology Transforms the Student Participation Model

5.1 Stimulate Active Participation. The interesting and challenging learning environment
constructed by XR technology can effectively stimulate students' curiosity and desire to explore, and
encourage them to actively engage in learning. In the virtual computer programming course, with the
help of VR technology, students seem to be in a "digital laboratory" full of code symbols. For example,
when learning the Python language, students can use gesture operations to stitch and combine virtual
code modules and observe the running effect of the code in real time. When developing a simple
game program, students wrote the code for controlling character movement and collision detection
by themselves. When they saw the virtual characters they created act according to instructions in the
virtual scene, this immersive practical experience greatly stimulated their enthusiasm for exploring
programming logic and algorithm principles. Students are no longer being explained code syntax by
melodious teachers and mechanically taking notes. Instead, they actively debug code, analyze running
errors, and master programming skills through continuous attempts and thinking. This transformation
has completely changed the situation in traditional programming teaching where students passively
accept knowledge, truly returning the initiative of learning to students and significantly enhancing
their enthusiasm and initiative in learning. From the perspective of educational psychology, when
students' curiosity is satisfied and their desire to explore is released, their learning motivation will be
greatly strengthened, and they will be more willing to invest time and energy in learning activities.

5.2 Expand the Depth and Breadth of Participation. In the learning environment created by XR
technology, students' exploration of the learning content of computer courses can be expanded to a
deeper level and broader dimensions. Take the computer network course as an example. Through VR
technology, a three-dimensional network topology structure scene is constructed. Students can "enter"
the virtual network world and intuitively see the transmission paths of data packets between devices
such as routers and switches. When learning the TCP/IP protocol, students can interact with virtual
protocol components, observe how data packets are encapsulated and unencapsulated at different
levels, and understand the principles of network communication from multiple perspectives. This
immersive learning approach, compared with traditional book knowledge explanations and simple
online simulator demonstrations, enables students to gain a more intuitive and profound
understanding.

Meanwhile, XR technology has broken through the numerous limitations of time and space,
building a global learning and communication platform for students. In the learning of artificial
intelligence algorithms, students are not restricted by region or time and can participate in learning
activities on a global scale anytime and anywhere. They can communicate and collaborate in real time
with students and teachers from different countries and research directions. For instance, in an online
seminar on the optimization of deep learning algorithms, Chinese students, along with those from
Europe, America and Japan, jointly explored the application bottlenecks of convolutional neural
networks in image recognition and shared their experiences and innovative ideas in model training
and parameter adjustment. This kind of cross-regional and cross-cultural exchange and cooperation
not only broadens students' horizons but also enriches their ways of thinking, greatly expanding the
breadth of students' participation in learning activities [7].

5.3 Cultivate Practical and Innovative Abilities. With the help of XR technology, students have
more valuable opportunities to carry out practical operations. In the training of virtual computer
hardware maintenance, XR technology plays an irreplaceable role. Students can repeatedly practice

77



XR Technology Empowering Virtual Distance Education: Reconstruction of Classroom Ecology and Participation
Patterns

operation skills such as disassembling and assembling computer motherboards, installing cpus, and
troubleshooting memory faults in a virtual environment. There is no need to worry about damaging
the real equipment due to operational errors. Students can boldly try and keep exploring. During this
process, they can freely try different maintenance methods and ideas. Through continuous trial and
error and improvement, they gradually master the skills of hardware maintenance.

In software design courses, MR Technology provides students with a unique creative space.
Students can conduct software interface design and functional demonstration using MR Devices in
real space. They can integrate virtual software interface elements into real office scenarios, observe
the interface layout and interaction effects in real time, and make adjustments and optimizations
according to actual usage requirements. For example, when designing a mobile office software,
students can project the virtual software interface onto the real office desktop to simulate the operation
process of users in different office environments. By constantly trying new design concepts and
interaction methods, students can break through the shackles of traditional design thinking and create
more humanized and innovative software works. So as to effectively enhance one's own practical and
innovative abilities. Research shows that through practical learning with XR technology, the
improvement speed of students' abilities in solving practical problems and innovative thinking is
significantly faster than that of traditional learning methods [8].

6. Case Analysis of the Application of XR Technology in Virtual Distance Education

6.1 Foreign Application Cases. Many educational institutions in the United States are actively
exploring the innovative application of XR technology in virtual distance education, among which
the teaching practice of history and geography subjects is the most representative. Take the history
course of Harvard University High School as an example. When explaining the special topic of the
American War of Independence, the school introduced high-resolution VR headsets and customized
3D scene modeling technology. After the students put on the equipment, they were instantly
"transported" to the North American battlefield in the report "Top universities use VR to enhance
online education, offering immersive learning at home'. The realistic visual effect allowed the
students to witness the smoke and gunpowder in Concord Village with their own eyes. They could
clearly see the soldiers in military uniforms charging forward with their guns, and the bayonets
flickering with cold light. Aurally, the roar of guns and cannons, the neighing of warhorses, and the
commander's shouts interweave, creating an immersive historical setting. Students can even freely
"wander" around the battlefield, observe the details of soldiers' equipment, read letters in the camp,
and gain an in-depth understanding of the political games and social contradictions behind the war
through interaction with virtual characters. This immersive learning approach has increased students'
memory retention rate of historical events by more than 40% compared to traditional teaching, and
the number of critical questions raised by students in classroom discussions has nearly tripled.

In the field of science education, the AR science course platform launched by Stanford University
has attracted much attention. This platform, with the help of AR mobile phone applications and
intelligent teaching terminals, presents microscopic cell structures and complex chemical reactions
in a dynamic and three-dimensional form in the classroom. In biology class, students can trigger AR
effects by scanning cell pictures in the textbook with their mobile phone cameras, allowing them to
observe the dynamic respiration process of mitochondria inside the cells, the division and
recombination of chromosomes, and even rotate 360 degrees to observe the molecular structure of
the cell membrane. In the chemistry course, AR technology visualizes abstract molecular reactions.
Students can personally "operate" virtual chemical reagents and observe the entire process of
molecular bond breaking and recombination, such as the reaction of ethanol and acetic acid to form
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ethyl acetate under the catalysis of concentrated sulfuric acid. Through the molecular collision and
chemical bond change process presented by AR, students can intuitively understand the reaction
mechanism. According to the after-class test data, in the classes using AR technology, the correct
understanding rate of abstract scientific concepts by students has increased from 65% to 88%,
effectively breaking through the predicament of "teachers being difficult to teach and students being
difficult to understand" in traditional teaching.

6.2 Domestic Application Cases. In China, universities have taken the lead in deeply integrating
XR technology into the teaching system of engineering majors. Take the School of Mechanical
Engineering of Tsinghua University as an example. In the course of Single-chip Microcomputer and
Mechanical Design, the school independently developed the MR Mixed reality teaching system. This
system integrates the three-dimensional model of mechanical parts with the real laboratory
environment through spatial positioning and gesture recognition technology. After students wear MR
Glasses, they can directly "grab" virtual engine parts on the laboratory desktop, disassemble them
through gesture operations, and observe the interlocking principles of components such as crankshafts
and pistons. In the single-chip microcomputer programming practice section, the control code written
by students can drive the virtual mechanical arm to move in real time, achieving the synchronous
demonstration of code logic and mechanical actions. Through this teaching method that combines
virtual and real elements, the quality of students' course design works has significantly improved. The
success rate of fault diagnosis and optimization scheme design for complex mechanical systems has
increased by 35%, truly achieving a seamless connection between theoretical knowledge and
engineering practice [9].

The field of basic education is also actively attempting the innovative application of XR
technology. A key middle school in Shanghai has constructed a VR safety education and training
platform, which uses the Unity 3D engine to create highly realistic disaster scenarios. In the fire
escape training, students are placed in a virtual teaching building filled with thick smoke. They need
to find the safety exit based on environmental clues and operate the fire extinguisher through a VR
controller to put out the virtual fire source. In the earthquake simulation scene, students experience
the realistic effects of houses shaking and objects falling, and learn to choose the correct avoidance
posture in different building structures. After the school introduced VR safety education courses, the
average score of safety knowledge tests for all students rose from 72 to 89. More importantly, through
emergency drill evaluations, it was found that students' decision-making response speed in real fire
escape simulations increased by 20%, effectively enhancing students' safety skills and emergency
psychological qualities. In addition, some primary schools have integrated VR technology into
Chinese and English subjects. By creating scenes of classic works and foreign language dialogue
environments, they have significantly enhanced students' interest in language learning and cultural
perception abilities.

The supplementary literature mentioned above adds academic support to the case. If you would
like to supplement other types of literature or have new requirements for the combination of cases
and literature, please feel free to raise them at any time.

7. Challenges and Coping Strategies Faced by Applying XR Technology

7.1 Technical Equipment and Cost Issues. XR technology devices (such as VR headsets, AR
glasses, etc.) are relatively expensive and require certain hardware configuration support, which
increases the usage costs for schools and students. In addition, the update and replacement of technical
equipment is relatively fast, and maintenance and upgrading also require a large amount of capital
investment. To address this challenge, schools can collaborate with enterprises to secure equipment
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sponsorship or preferential policies. The government can increase investment in educational
technology equipment and set up special funds to support schools in purchasing XR technology
equipment. Meanwhile, technology enterprises are encouraged to develop low-cost and high-
performance XR technology equipment to lower the usage threshold [6].

7.2 Teachers Lack the Ability to Apply Technical Skills. Some teachers have limited
understanding and mastery of XR technology and find it difficult to apply this technology effectively
in teaching. Schools should enhance the training of teachers, organize specialized training courses
and workshops on the application of XR technology, and invite technical experts for guidance to
improve teachers' technical application capabilities. Teachers themselves should also actively learn,
take the initiative to explore the application methods of XR technology in teaching, and constantly
improve their teaching level.

7.3 The Development of Content Resources Lags Behind. At present, the teaching content
resources of XR technology applicable to virtual distance education are relatively scarce and difficult
to meet the teaching demands. Schools and educational institutions should increase investment in the
development of teaching content resources based on XR technology and organize professional teacher
teams and technical personnel to collaborate on the development. Meanwhile, teachers are
encouraged to independently create teaching resources of XR technology based on the actual teaching
situation. In addition, a resource sharing platform should be established to promote the circulation
and sharing of high-quality teaching resources and improve the utilization efficiency of resources [6].

7.4 Student Health and Safety Hazards. Long-term use of XR technology devices may have
certain effects on students' eyesight, body balance, etc. At the same time, the content in the virtual
environment may also contain some information that is not suitable for students. Schools and parents
should pay attention to the time students spend using the equipment, arrange the study duration
reasonably, and guide students to use the equipment correctly. In terms of content review, a strict
review mechanism should be established to ensure that the teaching content in the virtual environment
is healthy, positive, and in line with students' cognitive levels and values [10].

8. Summary

The application of extended reality technology in virtual distance education has brought significant
impacts on the reshaping of the classroom ecosystem and the transformation of student participation
models. It builds an immersive learning environment, promotes personalized learning, enhances
interactivity, changes the presentation of teaching resources, stimulates students' active participation,
expands the depth and breadth of participation, and cultivates students' practical and innovative
abilities. Although challenges such as high costs of technical equipment, insufficient technical
application capabilities of teachers, lagging development of content resources, and potential health
and safety risks for students are faced during the application process, these problems can be gradually
overcome by adopting corresponding coping strategies, such as strengthening equipment investment
and research and development, enhancing teacher training, accelerating resource development, and
ensuring student health. With the continuous development and improvement of technology, XR
technology will play a greater role in virtual distance education, bringing more innovations and
changes to education and teaching, promoting virtual distance education to develop in a direction of
higher quality, more personalization and greater interactivity, and providing strong support for
cultivating innovative talents that meet the needs of the new era.
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Abstract. Labor education is a crucial component of socialist education with Chinese characteristics,
significantly contributing to the cultivation of labor spirit, values, and skills among socialist builders
and successors. In the context of new engineering, higher vocational institutions should align with
contemporary development trends to train innovative, practically skilled, and future-ready
engineering talents. At the same time, if higher vocational colleges only focus on the teaching of
professional courses, it will seriously affect the overall development of students. Therefore, if higher
vocational colleges want to get further development, they need to pay extra attention to labor
education, moral education and other educational content. Therefore, colleges and universities should
enhance the focus on labor education while training applied talents, constructing a rational labor
education system to support the development of higher vocational institutions. Theoretical education
should emphasize the labor spirit, model worker spirit, craftsmanship spirit, labor laws and
regulations, as well as stories of exemplary workers. Labor practice encompasses daily life labor,
social service labor, and production and technological innovation labor, aiming to improve college
students' labor quality.

Keywords: Labor education; Higher vocational colleges; Labor practice; Labor literacy

1. Introduction

1.1 Research Background. As socialism with Chinese characteristics continues to develop in the
new era, labor education has become increasingly important. It is not only a key element of students'
comprehensive development but also essential for nurturing socialist builders and successors who are
morally, intellectually, physically, aesthetically, and labor-wise well-rounded. Despite the craftsman
spirit being an integral concept in vocational education, it remains underappreciated and insufticiently
promoted. Furthermore, although labor education significantly contributes to developing practical,
hands-on, and innovative skills, it has gradually lost prominence amid educational reforms. In reality,
vocational education’s craftsman spirit is inherently linked to labor education. In 2020, the Central
Committee of the Communist Party of China and the State Council released the "Opinions on
Comprehensively Strengthening Labor Education in Universities, Middle Schools, and Primary
Schools in the New Era," emphasizing the integration of labor education into talent training to
promote well-rounded development in moral, intellectual, physical, aesthetic, and labor aspects. In
the new era, labor education should not only equip students with practical skills but also enhance their
labor spirit, quality, and values, ensuring they demonstrate these attributes in social practice. Unlike
traditional approaches, modern labor education emphasizes holistic personal development, fostering
responsibility, innovation, and teamwork through practical engagement, aligning with modern
educational philosophies and the need for high-quality technical and skilled talent.

As key institutions for talent cultivation, colleges and universities should proactively adapt to
evolving social demands by integrating labor education into their educational frameworks,
embedding it throughout the talent training process. Labor education in higher education not only
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develops vocational skills but also fosters professional ethics, labor attitudes, and social responsibility
among students. Through diverse practical activities, students build resilience, perseverance, and a
truth-seeking spirit, ultimately enhancing their overall quality and social adaptability. Vocational
education, as an extension of labor education, emphasizes skill training while combining labor spirit
with professional competence. Vocational colleges should shift from single practice to comprehensive
quality training, integrating labor education with vocational skills development. The "National
Vocational Education Reform Implementation Plan" issued by the State Council in 2019 highlights
the crucial role of vocational education in improving workforce quality, calling on vocational colleges
to align with industry demands and develop skilled, innovative talent. However, challenges remain in
the labor education system within universities, including unstructured curricula, inadequate
evaluation mechanisms, and a disconnect between practical labor training and professional quality
development. To modernize labor education in universities, comprehensive innovation is needed in
curriculum design, practical platforms, and evaluation systems. Building a well-structured system
ensures the scientific and systematic nature of labor education, highlighting vocational characteristics
and genuinely contributing to students' overall quality improvement.

1.2 Research Purpose and Significance. Labor education plays a crucial role in higher vocational
education, supporting the ideological and political theory education system while strengthening its
theoretical depth and practical effectiveness. Marxist labor view holds that the development of world
history is essentially a continuous process created by human beings through their own work.
Grounded in the Marxist concept of labor, enhancing the relevance and applicability of ideological
and political courses through a labor-themed curriculum framework can significantly strengthen
college students' practical and problem-solving skills. This approach remedies the traditional
limitation of ideological and political education, which typically emphasizes theory over practice.
Integrating labor education into these courses not only embodies the practice-centered educational
philosophy but also improves the practical application and relevance of ideological and political
teaching.

This discussion outlines the direction for education reform in higher vocational colleges. These
institutions should establish an integrated talent training framework that seamlessly combines moral,
intellectual, physical, aesthetic, and labor education to foster students' holistic development and
enhance their overall quality. As an important way to cultivate students' practical ability, sense of
responsibility and professional quality, labor education occupies a position that cannot be ignored in
the education system of the new era. Integrating labor education helps students develop a correct
labor concept and gain a deeper understanding of labor's value. Ye Zhong and other scholars believe
that the purpose of higher education is to cultivate new era workers with ideals, skills and a sense of
responsibility, which provides theoretical guidance for higher vocational colleges to effectively carry
out labor education. Yang Liu and colleagues highlighted that labor education in colleges helps
students form positive labor habits and ethics, nurture aesthetic values, reject the misconception that
"labor is useless," and cultivate innovative and practical talents needed for socialist modernization in
the new era.

Studying the construction and development of the labor education system in colleges and
universities in the new era can enrich educational theory, promote innovative labor education
practices in higher vocational colleges, and offer theoretical and practical guidance for enhancing
students' ideological and political literacy, professional ethics, and social responsibility. It also
supports the development of a well-rounded modern talent training system. Therefore, this study
holds significant theoretical and practical value in improving the labor education curriculum in higher
vocational colleges, enhancing its practicality and applicability.
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2. The Current Situation and Analysis of Labor Education in Colleges and Universities

2.1 Current Progress of Labor Education in Colleges and Universities. Since the 18th National
Congress of the Communist Party of China, labor education has gained increasing recognition,
significantly elevating its status within the education system. Provinces, cities, and universities
nationwide have actively implemented national policies, adapting labor education systems to meet
new-era demands and making notable progress. For example, the General Office of the CPC Guizhou
Provincial Committee and the Guizhou Provincial Government jointly issued the "Implementation
Plan on Comprehensively Strengthening Labor Education in Universities and Schools in the New
Era," aiming to build a province-wide education system promoting moral, intellectual, physical,
aesthetic, and labor development. Similarly, the Jilin Provincial Department of Education released
the "Implementation Opinions on Strengthening Labor Education in Primary and Secondary Schools
in the New Era," offering systematic guidance for labor education across the province. In Hebei
Province, labor education has been incorporated into school liability insurance, with all schools at
various levels mandated to offer comprehensive labor education courses, further advancing its
implementation. These policies reflect regional efforts and achievements in strengthening labor
education.

Significant progress has also been made in advancing labor education within vocational colleges.
In December 2018, the National Labor Education Research Institute of Vocational Colleges
designated 36 institutions, such as Beijing Commercial School and Zhejiang College of Mechanical
and Electrical Technology, as the inaugural "Labor Education Research Centers." These schools not
only strengthened the content of labor education in the curriculum, but also carried out active
exploration and innovation in educational activities and practice site construction, which further
enriched the practice form of labor education. These initiatives have ensured that labor education in
higher vocational colleges goes beyond theory, becoming an integral part of daily teaching and
learning, demonstrating a strong integration between labor education and professional skills training.
Additionally, provinces and cities like Beijing, Shanghai, Zhejiang, and Hubei have actively followed
the directives of the Party Central Committee, customizing labor education initiatives to fit local
conditions and advancing its implementation through multiple channels. For example, in terms of
curriculum, more and more vocational colleges take labor education as a compulsory course, and pay
attention to the combination of curriculum content and actual labor skills. In terms of practice
platform, many colleges have built practice bases closely integrated with local economy to ensure
that students can better transform theoretical knowledge into practical operation ability through labor
practice.

Through these measures, higher vocational colleges have achieved fruitful results in the
construction and improvement of labor education system. Especially in the curriculum system,
practical teaching, evaluation system and other aspects of innovation and breakthrough, not only to
provide students with more diversified education options, but also to promote social recognition and
support for labor education. In this process, labor education not only improves students' vocational
skills and social responsibility, but also promotes the modernization of the university education
system.

2.2 The Problems of Labor Education System in Higher Vocational Colleges. The labor
education system in higher vocational colleges encounters several challenges. These issues are
analyzed from the perspectives of labor values, social environment, and students’ own initiative, as
illustrated in Figure 1 below.
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Figure 1. Problems existing in the labor education system of higher vocational colleges

(1) Lack of labor spirit and deviation of labor values

At present, labor education in Chinese colleges and universities faces several challenges. Firstly,
some students have a vague understanding of labor and fail to appreciate its true value and the
significance of the fruits of labor. Secondly, many students lack clear future planning and hold the
misconception that simply entering the workforce will guarantee a high income. This mindset leads
to reluctance in engaging in manual labor, with a preference for intellectual work after graduation.
Lastly, some students prioritize personal interests over collective and national interests. To address
these issues, ideological and political education must play a pivotal guiding role. It should firstly help
students establish correct labor values and perspectives, making this a fundamental aspect of
education. Secondly, colleges and universities need to leverage various platforms—such as classroom
instruction and digital media—to cultivate good labor habits and enhance labor quality among
students. Thirdly, the use of exemplary role models should be emphasized to positively influence
students’ thoughts and behaviors. Finally, practical labor activities should be organized to deepen
students’ understanding of the importance and value of labor through firsthand experience.

(2) The content of labor education lags behind social development, and students lack practical
ability

In the traditional education system, labor education is the educational content from primary school
to university. Students are instilled with some basic labor concepts and are not guided to have a correct
understanding of labor. The content of labor education is relatively monotonous. At the same time,
influenced by exam-oriented education, colleges and universities tend to focus more on teaching and
mastering theoretical knowledge in labor education, often overlooking the development of students'
practical skills. As a result, students receive insufficient training in practical skills during their studies,
hindering their ability to meet the demands of future social development. Colleges and universities
have frequently overlooked the emphasis on labor value orientation in ideological and political
courses. In many institutions, ideological and political education is not effectively integrated with
labor education, and course content frequently fails to highlight the significance of labor values.
Students lack a correct understanding of some negative phenomena existing in society and life, thus
developing a negative mentality towards life and generating negative behavioral responses. Therefore,
colleges and universities must reform and innovate traditional course content by effectively
integrating theory with practice in their teaching. Meanwhile, efforts should also be made to
strengthen the cultivation of students' labor awareness and labor skills. For instance, students'
practical abilities can be enhanced by offering social practice courses and establishing specialized
internship bases.

(3) Students have a biased understanding of labor and lack the initiative to actively participate

Under certain social conditions, labor is a way of life for people. Labor can not only enable people
to obtain means of subsistence, but also enable people to obtain spiritual life. Marxism holds that
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labor has created humanity and the entire world. In traditional Chinese culture, there is a saying:
"Those who cultivate their minds lead others, while those who labor with their bodies govern others."
Therefore, people usually regard physical labor as a kind of hard labor, and only those who "work
hard on their minds" are the most outstanding people. However, as society continues to evolve,
lifestyles have changed significantly. Many individuals now focus more on their personal interests,
often neglecting physical labor.

Modern education in our country primarily follows an exam-oriented model. Throughout their
schooling, students focus mainly on cultural knowledge, professional skills, and political theory
courses. After graduation, they either enter the workforce or pursue further studies. During this time,
students rarely engage in social practice activities. Many tend to view labor solely as hard physical
or manual work, which diminishes their enthusiasm for labor education. As a subtle yet vital
component of education, ideological and political education plays a unique role in labor education. It
helps students understand the enduring and complex nature of the labor process, while also guiding
them to develop a correct perspective on the relationship between labor, money, and material wealth,
promoting the establishment of proper labor values.

(4) Colleges and universities do not attach sufficient importance to labor education and lack
systematic and effective safeguard measures

Colleges and universities often undervalue labor education, which is reflected in several ways:
primarily, they treat labor education as non-essential and separate it from professional courses, failing
to clarify its importance and role. Second, in the teaching process, there is a lack of scientific planning
for the content of labor education, which fails to vary from person to person and from event to event,
and neglects the imparting of labor knowledge and skills to students. Thirdly, many universities face
a shortage of qualified labor education instructors. Additionally, imperfect teacher assessment
systems result in low enthusiasm and initiative among some educators, leading to neglect in instilling
correct labor values in students. Fourthly, campus culture often lacks sufficient emphasis on
promoting the spirit and values of labor. These reasons have led to students' lack of correct
understanding of labor and their failure to form correct values. At present, colleges and universities
generally lack systematic and effective safeguard measures to ensure that college students can carry
out various practical activities. On the one hand, there is a lack of an effective organizational
management mechanism. Although some colleges and universities have established departments
specifically responsible for labor education of college students, there is still a lack of an effective
organizational and management mechanism for conducting labor education for students. On the other
hand, there are still certain deficiencies in the curriculum design of colleges and universities. There
are also some contents related to labor education in ideological and political courses, but due to
reasons such as class hour restrictions, no special related courses have been set up. Furthermore, many
colleges and universities do not have dedicated places and facilities for conducting labor education.
Both ideological and political education and labor education are essential for moral development,
talent cultivation, and training socialist builders and successors. By examining their relationship in
colleges and universities, it becomes clear that effective ideological and political education relies on
guiding students to adopt correct values, cultivate sound ideological beliefs, and establish proper
value orientations. Achieving these goals requires engaging students in various practical activities.
Therefore, ideological and political education and labor education are closely linked and mutually
reinforce each other within higher education institutions.

(5) There are deficiencies in theoretical research and poor accumulation of experience

In higher education, labor education is a vital yet complex undertaking that demands both
theoretical research and practical experience across multiple areas. Currently, many colleges and
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universities still face shortcomings in implementing labor education, with the primary issue being a
lack of systematic theoretical research. Labor education in colleges and universities is still at an early
stage, with limited theoretical research and practical experience. There is a shortage of effective
methods for implementing labor education. Currently, labor education mainly centers on ideological
and political theory courses, but these have not been well integrated, and the teaching approaches
remain quite monotonous. Additionally, the content of labor education is outdated, focusing mostly
on ideological, moral education, and quality cultivation, which no longer aligns well with the rapid
pace of social development.

3. Research on Countermeasures for the Construction of Labor Education System in Higher
Vocational Colleges in the New Era

In order to solve the problems faced by labor education in higher vocational colleges, this paper
proposes the relevant strategies as shown in Figure 2 to help higher vocational colleges build a more
effective labor education system structure.

3.1 Establish and Improve the Curriculum System of Labor Education. To shape college
students' positive outlook on labor, willingness to participate and sense of social responsibility, the
key lies in conducting in-depth education on their labor concepts, values and skills. Higher vocational
colleges should innovate traditional educational concepts, promote balanced development of moral
and labor education, add compulsory courses on labor education, deepen the integration of labor
education with ideological and political education and professional knowledge, closely integrate basic
theories with current political hotspots and professional skills, and help students better understand the
Marxist view of labor. Higher vocational colleges should set up courses in combination with the
advantages and characteristics of their own regions and schools, and create comprehensive labor
education courses that adapt to local conditions, regional differences and school needs. Take the major
of agriculture as an example. Higher vocational colleges can rely on the courses of agriculture-related
majors and take labor education as the entry point to offer labor education courses with agricultural
characteristics, guiding students to apply theoretical knowledge to productive and service labor,
stimulating students' sense of pride in labor and sense of achievement in the discipline, and
establishing correct values of labor. Cultivate in students the labor spirit of not fearing difficulties,
working hard and rising to challenges.

3.2 Integrate Practical Resources for Labor Education and Teaching. Marx emphasized that
truth is derived from practice, and practice is the source of genuine knowledge. Traditionally, labor
is classified into two main types: physical labor and intellectual labor. Higher vocational colleges can
leverage this classification to fully utilize and integrate practical resources for labor education and
teaching, thereby broadening the approaches to labor practice. For instance, through several major
modules such as students' personal hygiene, dormitory hygiene, classroom hygiene, and campus
hygiene, they can regularly conduct quantitative assessments of hygiene conditions to encourage
students to engage in basic labor practice. Meanwhile, various forms of labor education theme
activities such as labor education publicity Week, Publicity month and cultural festival are carried out
to create a strong atmosphere of labor education. In terms of intellectual labor, students are
encouraged to participate actively in competitions such as the China "Internet Plus" College Students
Innovation and Entrepreneurship Competition, the "Challenge Cup" China College Students Business
Plan Competition, and the National Vocational College Skills Competition. Participation rewards are
set up to enhance students' involvement and train their innovative thinking and practical abilities.
Higher vocational colleges should also strengthen the construction of labor bases, actively explore
off-campus internship and training platforms, further promote school-enterprise cooperation, arrange
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for students to intern and train in production positions, and incorporate professional practice content
into the scope of labor education assessment.

Establish and improve the labor
education curriculum system

Counterm
easures
for the 5| Integration of labor education
constructi teaching practice resources
on of
labor
education [ Strengthen the guality of labor
system in education teachers

higher
vocational
colleges
in the
new era

Create a good family labor
education atmosphere

Construct harmonious social labol
education atmosphere

Figure 2. Countermeasures for the construction of the labor education system in higher vocational
colleges in the new era

3.3 Strengthen the Construction of the Level of the Labor Education Teaching Staff. Firstly,
schools should boost funding by creating special financial resources. Continuous training for labor
education teachers is necessary to enhance their teaching, research, and practical abilities, with a
focus on developing educators who possess dual qualifications. Through a blend of "going out" and
"bringing in" strategies, teachers are regularly sent to school-enterprise cooperation bases for hands-
on training, addressing the common gap in practical skills among instructors. Meanwhile, experts
from enterprises can be invited to teach on campus, helping students gain a clearer understanding of
the current social landscape and stay informed about social trends. Second, improve the evaluation
mechanism for labor education, regularly carry out research and learning activities such as teachers'
lesson presentation and demonstration classes, stimulate teachers' enthusiasm and initiative in
learning, and enable teachers to conduct teaching design and teaching reflection in the process of self-
evaluation and mutual evaluation, so as to achieve the effect of improving professional knowledge
level. Third, improve the incentive mechanism to attract more talents. According to Maslow's
hierarchy of needs theory, higher vocational colleges can address the material needs of labor
education teachers by improving the salary system for teachers, providing welfare guarantees, and
setting up special allowances. Meanwhile, in terms of professional title evaluation, commendation
and awarding, etc., enhance the comprehensive competitiveness of professional teachers in labor
education to meet their self-actualization needs.

3.4 Foster a Favorable Atmosphere for Family Labor Education. The family is a child's first
school and parents are the child's first teachers. When parents are conducting labor education for their
children, on the one hand, they should learn labor education knowledge and parenting knowledge in
advance, and learn to effectively implement labor education at different ages and stages. During labor
education, parents should lead by example, encouraging their children to actively engage in labor and
helping them progress from “learning labor” to “consciously working,” then to “persisting in labor,”
and finally to “sharing in labor.” Additionally, parents need to shift any negative attitudes toward
labor, embrace the belief that “labor is the most honorable,” and guide their children to develop a
proper respect for physical labor and manual workers. Through outdoor practical labor, such as
experiencing farming, fruit and vegetable picking, and community service, children are imparted with
labor experience and knowledge, enabling their moral, intellectual and labor education to develop
comprehensively.

3.5 Build a Harmonious Social Atmosphere for Labor Education. First, the government needs
to enhance policy direction, develop and refine related laws and regulations, and clearly define the
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responsibilities of all levels. The government should support and advocate that schools and various
industries carry out labor education research and study, and establish a special fund for labor
education of college students in the new era. Sufficient financial support should be provided for the
construction of labor education bases to prevent the occurrence of shoddy work. Relevant
departments should conduct necessary educational qualification reviews and raise the entry threshold
for socially supported education such as labor education bases. Secondly, efforts should be made to
actively foster a positive labor culture through social media platforms. Relevant authorities need to
enhance oversight and regulation of the online environment, remove unhealthy trends on the internet,
and encourage social media to promote the correct values and spirit of labor in the new era. This
involves transforming hierarchical perceptions of labor, promoting broad participation in labor and
labor education, and fostering a harmonious social environment that supports labor education.

4. Summary

Labor education has become a fundamental and integral part of the modern education system. It
not only improves students’ labor skills, literacy, and social responsibility but also serves as a crucial
foundation for the long-term growth of the national economy and overall societal progress. In the new
era, labor education goes beyond basic skills training, aiming to nurture well-rounded individuals
who embody a strong labor ethic, innovative mindset, and a commitment to social responsibility.
These talents will play a vital role in driving the country’s future social development. In this process,
the effective implementation of labor education requires the joint cooperation of all aspects such as
schools, society and families. Schools, as the primary base for nurturing talent, ought to take the lead
in promoting labor education. They should not only promote students' recognition and love for labor
through curriculum design and practical activities, but also organically combine labor education with
ideological and political education, vocational skills training, etc., to truly achieve the educational
goal of "cultivating people through labor". In particular, higher vocational colleges should focus more
on practical and applied aspects when carrying out labor education. Higher vocational colleges need
to integrate multiple educational resources, build a more complete labor education system, and
actively create a new situation in labor education for college students. Through reasonable curriculum
design, complete practical platforms and scientific evaluation mechanisms, higher vocational colleges
can not only cultivate students' professional skills, but also help students establish correct labor
concepts and enhance their abilities of teamwork and solving practical problems. In the end, labor
education in the new era aims to develop skilled workers who align with society’s demands. These
talents can not only satisfy the demand for high-quality technical and skilled talents in economic
development, but also create greater value for society. By thoroughly carrying out the core mission
of cultivating moral character and talents, expanding the meaning and scope of labor education, and
steadily realizing theoretical advancements and practical achievements, we will undoubtedly add
greater insight and power to the cause of socialist modernization and the all-around revitalization of
the nation.
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Abstract. With the rapid development of artificial intelligence technology and its wide application in
various fields, the education sector has also ushered in an important opportunity for intelligent
transformation. Artificial intelligence is reshaping the traditional education model by providing
personalized learning, intelligent evaluation, and optimal allocation of educational resources, and
offering new ideas for addressing educational equity and improving educational quality. This study
starts from the connotation and significance of artificial intelligence empowering education, explores
its impact on modern education and possible paths for future development, and at the same time
deeply analyzes the challenges faced in the process of artificial intelligence empowering education.
The empowerment of education by artificial intelligence not only brings about efficiency
improvements and technological advancements, but more importantly, it provides significant support
for the innovation of educational models and the transformation of talent cultivation methods.
However, while enjoying the dividends of technology, it is also necessary to be vigilant against the
toolization tendency, adhere to the essence and original intention of education, and seek a balance
point between technological progress and humanistic care. In the future, the empowerment of
education by artificial intelligence will continue to deepen and develop, and provide new possibilities
for building a fairer, warmer and more dynamic education ecosystem.

Keywords: Atrtificial intelligence; Intelligent education; Personalized learning; Technology and
Education

1. Introduction

With the rapid development of information technology, Artificial Intelligence (AI) is changing
various fields at an unprecedented speed and depth [1], and education is no exception. From
intelligent teaching assistants to personalized learning systems, from educational data mining to
virtual reality technology, artificial intelligence is reshaping the traditional education model and
injecting new vitality into modern education. This transformation not only brings about the
improvement of efficiency and the advancement of technology, but also provides new possibilities
for educational equity, lifelong learning and human-machine collaboration.

However, while technological progress brings about boundless opportunities, it is also necessary
to carefully consider: How exactly can artificial intelligence empower education? In what aspects is
its core value reflected? Then how can a balance be struck between technology and humanity? These
issues are directly related to the development direction and ultimate effectiveness of educational
intelligence.

1.1 The Development Background of Artificial Intelligence Empowering Education. Since the
21st century, a new wave of technological revolution has swept the world. As one of the core driving
forces, artificial intelligence is reshaping all walks of life in society [2]. The field of education not
only serves as a promoter of artificial intelligence technology but also is one of the core radiation
areas of its influence. The application scope of intelligent technology is constantly expanding, from
learning analysis, teaching management to teacher-student interaction, and even to the allocation of
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educational resources. Artificial intelligence has permeated every aspect of education.

Meanwhile, the in-depth advancement of globalization and informatization has made the
imbalance of educational resources increasingly prominent. High-quality educational opportunities
are concentrated among a few people, and there are significant differences in the distribution of
educational resources. These phenomena have prompted society to start thinking about how to
optimize resource allocation and narrow the educational gap with the help of technological means.
Against this backdrop, artificial intelligence has become an important means to solve these problems.

1.2 The Core Connotation of Artificial Intelligence Empowering Education. The technological
development of artificial intelligence can clearly provide intelligent tools and platforms for education,
making personalized learning and intelligent evaluation possible. At the same time, with the support
of data-driven box technology, it can make educational decisions more scientific and precise.
Therefore, it can be said that artificial intelligence can drive the innovation of the teaching model,
making it possible to shift from the traditional "teacher-centered" to the "student-centered" reform,
and promoting the construction of a learning ecosystem featuring collaboration between teachers and
students as well as mutual assistance among students.

More importantly, the empowerment of education by artificial intelligence is not merely a
technological innovation; its deeper significance lies in the fundamental changes it brings to
educational concepts and methods. It not only enhances educational efficiency but also, to a certain
extent, achieves a fair distribution of educational resources, providing each learner with a growth path
that suits them.
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Figurel. Al in education

1.3 The Significance of Artificial Intelligence Empowering Education. Artificial intelligence
empowering education has profound social value and practical significance. First of all, at the social
level, it provides new ideas and technical support for solving the problem of unbalanced educational
resources. Through the application of intelligent tools, high-quality educational resources can break
through the limitations of time and space and reach more students in need, thereby promoting
educational equity.

Secondly, at the individual level, artificial intelligence can help learners achieve personalized
development. Based on data analysis and algorithm recommendation, the system can accurately
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identify each learner's knowledge mastery and learning characteristics, and provide them with
customized learning plans. This approach not only enhances learning efficiency but also stimulates
learning interest and improves learning outcomes.

Finally, at the overall social level, the empowerment of education by artificial intelligence provides
significant support for cultivating the compound talents needed for the future development of society.
With the assistance of Al technology, education can better transform from knowledge imparting to
ability cultivation, helping students develop core qualities such as critical thinking, innovation ability
and collaboration ability.

This article analyzes the advantages of artificial intelligence in empowering education, the hidden
problems it contains, ethical discussions and suggestions. From the perspective of front-line educators,
it briefly discusses the opportunities and challenges brought by artificial intelligence to the current
education cause. Looking at it from a dialectical perspective, it contributes its own thoughts to
creating an organic and mobile intelligent education environment.

2. Artificial Intelligence Empowers Education

The rapid development of artificial intelligence is profoundly transforming various fields of human
society. In this technology-driven transformation, education is not only a place for knowledge
transmission but also an experimental field where technological innovation and humanistic care are
deeply integrated [3]. The process by which artificial intelligence empowers modern education is
actually a fundamental reconstruction of the traditional education system. This reconstruction is not
only reflected in the improvement of teaching efficiency and learning outcomes, but more importantly,
it has achieved the innovation of educational concepts and the transformation of educational models.
In this transformation, it is not only the support of technology for education, but also a return to the
essence of education - enabling every learner to find a development path that suits them, making
educational resources truly accessible to everyone, and making education the cornerstone of
everyone's lifelong growth.
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Figure 2. Al empowering education

The process by which artificial intelligence empowers modern education is essentially an
educational revolution that takes technology as a means and fairness and efficiency as its core pursuits.
On the one hand, we should maintain confidence in new technologies and actively explore the
possibility of their application in the field of education. On the other hand, it is also necessary to pay
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attention to the factors of human nature. While technological progress is advancing, do not forget the
essence of education that aims to cultivate and achieve people. The education of the future is bound
to be one that combines personalization and inclusiveness, attaches equal importance to efficiency
improvement and humanistic care, and is a new educational paradigm that deeply integrates
technology and humanity.

2.1 Dual Improvement of Teaching Efficiency and Personalization. One of the most remarkable
features of artificial intelligence is its powerful data processing capability. By collecting and
analyzing various data of students during the learning process, including learning behaviors,
knowledge mastery levels, and attention allocation, the Al system can accurately identify the unique
needs and potential strengths of each student[4]. This kind of personalized demand analysis no longer
remains at the theoretical level but can truly be applied in actual teaching.

Based on these data analysis results, artificial intelligence can customize an exclusive learning
path for each student. This path is not fixed but a dynamic adjustment process. As students' learning
behaviors change and their knowledge mastery improves, the system will automatically optimize the
learning content and progress arrangement. Take mathematics learning as an example. The Al system
can adjust the difficulty of the questions according to the depth of students' understanding. It neither
makes students lose confidence because the questions are too difficult nor wastes time because the
questions are too simple.

This personalized teaching mode not only improves the learning efficiency, but more importantly,
it stimulates students' interest and initiative in learning. When the learning content happens to be in
the students' "zone of proximal development", they can not only better understand and master the
knowledge, but also gain the motivation for continuous learning in the sense of achievement.
Artificial intelligence further enhances this positive learning experience through the design of real-
time feedback and incentive mechanisms.

2.2 Disciplinary Integration and Reconstruction of Innovation Paradigms. The importance of
interdisciplinary learning is becoming increasingly prominent in today's society. The traditional
disciplinary boundaries can no longer meet the demand for versatile talents in modern society.
Artificial intelligence offers the possibility of breaking down disciplinary boundaries. In a project on
environmental protection, students need to apply natural science knowledge to understand the
operation mechanism of ecosystems, analyze the impact of human activities on the environment with
the help of social science research methods, and present research results through artistic expression.

With the support of Al technology, curriculum design can achieve true interdisciplinary integration.
Learners are no longer confined to the knowledge framework of a single discipline, but are able to
comprehensively apply knowledge from different fields in real problem situations. This learning
mode not only enhances students' comprehensive thinking ability, but also cultivates their analytical
ability and innovation ability in the face of complex problems.

The intelligent reconstruction of educational tools and teaching processes has brought about a
brand-new learning experience [5]. Virtual reality technology can provide students with an immersive
learning environment and enhance their understanding of abstract concepts. Augmented reality
technology can combine theoretical knowledge with practical application scenarios, helping students
establish intuitive cognitive connections. In the fields of programming and design, Al-assisted tools
can not only enhance creative efficiency but also provide immediate feedback and guidance for
beginners, lowering the learning threshold.

2.3 Educational Equity and Universal Access to Resources.The problem of uneven distribution
of educational resources has a long history. High-quality educational resources are often concentrated
in economically developed areas, while school-age children in remote areas have difficulty enjoying
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equal educational opportunities[6]. Artificial intelligence technology provides new ideas for solving
this problem. Through online education platforms, high-quality teaching resources can break through
geographical restrictions and achieve wide dissemination and sharing.

The realization paths of educational equity have become more diversified. The Al system can
provide personalized learning support based on the actual situation of learners, and identify potential
learning difficulties through data analysis to intervene in a timely manner[7]. This intelligent support
approach enables educational resources to truly benefit everyone in need.

The significance of breaking the educational gap between urban and rural areas lies not only in
narrowing the regional gap, but also in changing the educational ecology of the entire society. When
high-quality educational resources are no longer exclusive to a certain region or group, the
opportunity cost of education will be greatly reduced. Everyone has the opportunity to enhance their
knowledge and abilities through their own efforts. This possibility itself is an important sign of social
progress.

3. The Challenges Brought by Artificial Intelligence to Education

The development of artificial intelligence has brought unprecedented opportunities to modern
education, but it is also accompanied by a series of profound and complex challenges[8]. These
challenges not only involve the application limitations of the technology itself, but also touch upon
multiple aspects such as the essence of education, the value orientation of society, and the
transformation of human cognitive patterns. In the pursuit of technological innovation and the
improvement of educational efficiency, we have to confront a series of challenges such as the crisis
of academic integrity and Al reliance, technological dependence and mental inertia, uneven resource
distribution and the digital divide. The existence of these problems not only threatens the quality and
fairness of education, but also may have a profound impact on the development of human society.
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Figure 3. Challenges of Al in education

Although the empowerment of modern education by artificial intelligence brings many
opportunities, it is also accompanied by severe challenges. The existence of issues such as academic
integrity and the crisis of Al reliance, technological dependence and mental inertia, uneven resource
distribution and the digital divide requires a more cautious attitude towards the application of this
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technology. The fundamental goal of education is to cultivate talents with independent thinking ability
and innovative spirit, rather than to train "tool people" who overly rely on technology. While pursuing
technological innovation, it is essential to pay attention to humanistic care and social equity, and find
a balance point between technological progress and human development. Only in this way can we
ensure that artificial intelligence truly becomes a force driving educational progress and does not
become a hidden danger threatening the essence of education.

3.1 Academic Integrity and the Crisis of AI Reliance. The wide application of artificial
intelligence in the field of education has brought great convenience to academic research and
knowledge acquisition, but it has also raised serious concerns about academic integrity. Especially in
the learning process of students, Al tools are widely used for tasks such as completing homework,
writing papers, and answering questions. This phenomenon seems to improve learning efficiency on
the surface, but in fact, it blurs the boundary between learners' own efforts and technical assistance,
making it difficult to guarantee the authenticity and originality of academic achievements.

The deeper problem lies in that over-reliance on Al may lead to the degradation of thinking ability.
When students get used to using intelligent tools to complete thinking and solve problems, their
independent thinking ability and critical thinking may gradually weaken. This phenomenon not only
affects students' academic performance, but may also have a negative impact on their future career
development and social adaptability. The essence of education is to cultivate people's autonomous
learning ability and innovative spirit, but excessive reliance on Al runs counter to this goal.

Furthermore, in terms of the allocation of educational resources, the use of Al tools has further
exacerbated the unfairness. High-quality intelligent tools are often in the hands of students with
superior economic conditions, while students in poverty-stricken arecas have become the
disadvantaged group under this technological gap. This unequal distribution of technological
resources not only exacerbates the educational gap but may also lead to the solidification of social
classes.

3.2 Technological Dependence and Mental Inertia. The application of artificial intelligence is
changing people's learning methods and thinking patterns. Intelligent tools can quickly answer
complex questions, provide learning suggestions, and even generate complete academic works. This
immediacy and convenience have led students to gradually develop an excessive reliance on
technology. When facing problems, many students prefer to directly use Al tools to find ready-made
answers rather than explore solutions through their own thinking.

The formation of mental inertia is a gradual process. When students are accustomed to relying on
intelligent tools to solve problems, their cognitive abilities may deteriorate, and they are highly likely
to experience a decline in their ability to analyze problems, weakened innovation capabilities, and
insufficient logical reasoning skills. This phenomenon not only affects students' academic
performance, but also may have a negative impact on their future career development.

The fundamental purpose of education is to cultivate talents with independent thinking ability and
innovative spirit, while technology dependence runs counter to this goal. In an environment that
overly relies on Al, students may lose their interest and ability in deep thinking, which poses a severe
challenge to the development of education. We need to find a balance point where we can enhance
learning efficiency by using Al tools while avoiding trapping students in the quagmire of mental
inertia.

3.3 Uneven Resource Allocation and the Digital Divide. The unequal distribution of educational
resources is a long-standing social problem, and the application of artificial intelligence has
exacerbated this phenomenon to a certain extent. High-quality educational technologies are often
concentrated in economically developed areas and wealthy families, while students in poverty-
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stricken areas have difficulty accessing these resources. This unequal distribution of technological
resources has further widened the educational gap among different groups.

The digital divide is another issue that cannot be ignored. Against the backdrop of digital
transformation, some students, due to the lack of necessary equipment, Internet access conditions or
technical support, are unable to fully utilize the learning opportunities brought by Al tools. This kind
of "hardware" inequality not only affects the academic performance of these students, but also may
lead to their disadvantaged position in the future society.

What is more serious is that the uneven distribution of technological resources may trigger more
extensive social problems. Education is an important guarantee for social equity, but the existence of
the technological gap weakens this guarantee function. When educational resources and technical
support become privileges accessible only to a few people, the overall fairness of society will be
threatened. This imbalance not only affects the field of education, but may also spread to a broader
social level.

4. Ethical Discussions Brought about by Artificial Intelligence

The rapid development of artificial intelligence technology has brought unprecedented
transformation opportunities to modern education, but at the same time, it has also triggered profound
reflections and discussions on ethics. In the field of education, the application of artificial intelligence
involves multiple levels such as data collection, algorithmic decision-making, and human-computer
interaction. These processes not only need to consider the effectiveness of the technology but also
pay attention to its potential impact on human society, individual rights and interests, and long-term
development[9]. Especially in aspects such as data privacy and algorithmic bias, ethical boundaries
of human-machine collaboration, value alignment and technology for good, the ethical challenges
faced by artificial intelligence empowering education are particularly prominent.

The introduction of artificial intelligence technology in the field of education must establish a clear
ethical framework to ensure that its development does not deviate from the value system and moral
standards of human society. Issues such as data privacy and algorithmic bias, the boundaries of
human-machine collaboration, and value alignment require the joint attention and resolution of all
sectors of society. Only through continuous ethical reflection and technological innovation can the
rational application of artificial intelligence in education be truly achieved, making it an important
tool for promoting educational equity and progress.
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Figure 4. Ethical discussions
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4.1 Data Privacy and Algorithmic Bias. In modern education, the application of artificial
intelligence often requires the collection and processing of a large amount of student data, including
information on learning behaviors, grade records, and even social interactions. The use of these data
makes personalized teaching possible, but it also brings serious privacy risks. Through the analysis
of data, Al systems can determine students' interests and hobbies, study habits, and potential learning
needs. However, if this data collection and processing process lacks strict privacy protection
mechanisms, it may lead to the abuse or leakage of students' information.

Algorithmic bias is another issue that cannot be ignored[10]. The decision-making of Al systems
relies on training data, which may contain biases and inequalities existing in human society. In the
intelligent scoring system, the algorithm may give unfair evaluations to certain groups of students
due to the deviation of historical data. This prejudice will not only affect students' educational
opportunities, but also may lead to a further imbalance in the distribution of educational resources.

The deeper problem lies in that the "black box" feature of the algorithm makes its decision-making
process lack transparency and interpretability. Teachers and students find it difficult to understand
why Al systems make certain judgments or recommendations. This not only undermines trust in
technology but may also raise questions about the fairness of algorithms. The particularity of the
education field requires that we must ensure that the application of artificial intelligence can serve all
students fairly and impartially, rather than becoming a tool that exacerbates social inequality.

4.2 Ethical Boundaries of Human-machine Collaboration. With the in-depth application of Al
technology in education, the human-machine collaborative teaching mode has gradually become an
important trend in the field of education. In this mode, teachers and intelligent systems jointly
undertake teaching responsibilities. The Al system provides personalized learning suggestions and
teaching support by analyzing students' learning situations. However, in this collaborative process,
how to define the responsibility boundaries between human teachers and machine systems has
become an urgent ethical issue to be solved.

First of all, when an Al system makes mistakes or deviates, who should be held responsible? Is it
a developer, a school or a teacher? This issue directly affects the quality of education and the
protection of students' rights and interests. Secondly, will human-machine collaboration affect the
relationship between teachers and students? Excessive reliance on intelligent tools may lead to a
reduction in emotional interaction between teachers and students and weaken the humanistic care
nature of education. Furthermore, the decision-making authority of Al systems may also trigger
ethical conflicts. For instance, when Al systems have different opinions from teachers, how should
such differences be handled?

Another important issue lies in the unpredictability of Al systems. Although modern algorithms
perform well in many aspects, their grasp of complex human emotions, motivations and values
remains limited. This may lead the Al system to make unethical judgments in educational scenarios,
and it may even have a negative impact on students due to technical malfunctions or data deviations.

4.3 Value Alignment and Technology for Good. The ultimate goal of artificial intelligence
empowering education should be to serve the development needs of people, rather than merely
pursuing technological progress or efficiency improvement. However, in practical applications, how
to ensure that Al systems can accurately understand and follow human values has become a key issue.
The core of value alignment lies in ensuring that the decisions and behaviors of Al systems are in line
with socially recognized moral standards.

Under the concept of technology for good, we need to design Al systems that can reflect the core
ethical values in the field of education. For instance, fairness, inclusiveness and respect for individual
differences should be the fundamental principles of educational Al. However, the realization of this
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design concept requires overcoming many difficulties. First of all, how can machines understand and
internalize complex social values? Secondly, how to balance commercial interests and social ethical
demands in the process of technological development?

Furthermore, technology for good also requires us to have forward-looking thinking when
designing and applying Al systems. Education is a long-term undertaking related to personal growth.
Any technological innovation must be premised on safeguarding the long-term interests of students.
For instance, when using Al for learning assessment, we need to ensure that it can not only detect the
current learning outcomes but also provide beneficial support for students' future development.

5. Thoughts and Opinions

The rapid development of education empowered by artificial intelligence has brought both
unprecedented opportunities and numerous challenges. In the process of the deep integration of
technology and education, how to balance technological innovation and ethical constraints? How to
build a sustainable educational ecosystem? These issues require the joint efforts of all sectors of
society to promote the healthy development of artificial intelligence in the field of education through
various means such as policy guarantees, transformation of teachers' capabilities, popularization of
technology and humanistic care[11].
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Figure 5. Analysis and discussion

The development of education empowered by artificial intelligence requires the joint efforts of all
sectors of society. By improving policy guarantees, promoting the transformation of teachers'
capabilities, achieving technological inclusiveness and emphasizing humanistic care, a healthier and
more sustainable environment can be created for the integration of technology and education. Only
in this way can the potential of artificial intelligence in the field of education be truly brought into
play, achieving a dual improvement in educational equity and quality, and cultivating more talents
that meet the needs of The Times.

5.1 Policy and Institutional Guarantees. The improvement of policies and systems is the
foundation for the sustainable development of education empowered by artificial intelligence. Facing
the complex challenges brought by technology, the government and all sectors of society need to
jointly formulate a scientific and reasonable policy framework to ensure that technological
development is consistent with educational goals.

A clear data privacy protection mechanism should be established to regulate the collection, storage
and use of educational data, and prevent students' information from being abused or leaked. At the
same time, in terms of technical application standards, it is necessary to establish a quality assessment
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system for intelligent teaching tools to ensure the reliability and security of Al systems. This can be
achieved by setting up a certification mechanism to conduct strict reviews of Al products in the
educational field, preventing low-quality or harmful technologies from entering the education sector.
In addition, policies should also encourage innovation and experimentation, and provide support and
guarantees for the pilot application of new technologies in education. During the promotion process,
a supervision mechanism should be established in a timely manner to promptly identify and solve
problems that arise in the application of technology, ensuring that educational equity is not affected.

5.2 Teacher Capacity Transformation and Lifelong Learning. The popularity of artificial
intelligence has put forward new requirements for the role and skills of teachers. Teachers in the
future will not only need to master subject knowledge, but also possess certain technical literacy and
be able to effectively use Al tools to support teaching work[12]. Therefore, promoting the
transformation of teachers' capabilities is of vital importance. Digital training for teachers should be
strengthened to understand and master the basic principles of artificial intelligence and its application
scenarios in education. Through carrying out teacher training programs, active learning, etc., the
cognition and usage ability of intelligent teaching tools can be enhanced. Artificial intelligence
technology itself does not have the ability to make judgments. Therefore, teachers need to possess
critical thinking, be able to rationally analyze the suggestions and data provided by Al systems, and
make decisions in line with educational goals based on this. This requires teachers to keep learning
and update their knowledge structure to adapt to the trend of the deep integration of technology and
education. Furthermore, lifelong learning is not only the responsibility of teachers, but also a
consensus of the entire society[13]. By establishing mechanisms that support the continuous
development of teachers, such as providing online course resources and setting up special funds, more
opportunities for teachers' career development can be provided.

5.3 Technology Inclusiveness and Ecological Co-construction. The effect of artificial
intelligence empowering education largely depends on its coverage and the extent of its application.
Only by achieving the universal application of technology can its role in promoting educational equity
be truly exerted. To this end, multiple measures need to be taken to ensure that areas with weak
educational resources can also enjoy the benefits brought by artificial intelligence. By lowering the
technical threshold and developing Al educational tools suitable for different environments and needs,
more schools can afford the related equipment and technical services. Design a lightweight online
learning platform to meet the usage requirements in areas with poor network conditions. To make
advanced technologies accessible to all, it is necessary to promote multi-party cooperation and build
an open technology ecosystem. The government, enterprises, schools and research institutions should
make joint efforts, share resources and experiences, and avoid the emergence of technological silos.
Promote the integration of technological innovation and educational practice by establishing open-
source projects or technology alliances. While promoting technological development, it is also
necessary to establish a sustainable technological development mechanism to ensure that Al
educational tools can be continuously updated and improved. This requires not only the support of
funds and technology, but also the guidance of policies and the market to create a favorable
environment for innovation.

5.4 The Symbiotic Development of Humanities and Technology. While pursuing technological
progress, the core value of education - cultivating the all-round development of people - cannot be
ignored. Artificial intelligence should serve the essence of education rather than replace or weaken
humanistic care[14]. This requires that the people-oriented concept be always adhered to in the
application of technology. When designing Al educational tools, attention should be paid to user
experience and emotional needs. Through intelligent interactive methods, students' interest in
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learning and sense of participation can be enhanced, while protecting their mental health. In response
to the issue of applying a single technology to human society, it is necessary to establish an ethical
review mechanism to ensure that the application of artificial intelligence does not have a negative
impact on students or teachers. A dedicated ethics committee can be set up to assess the impact of
new technologies on educational equity, teacher-student relationships, and other aspects, and to adjust
application strategies in a timely manner. At no time should the establishment and consolidation of
one's values be overlooked, and the guiding role of values should be emphasized. Education is not
only a process of knowledge transmission, but also an important way to cultivate values. While
introducing Al technology, it is necessary to strengthen students' ideological and moral education,
enabling them to grow up healthily in a balance between technology and humanity.

6. Conclusions

The core goal of Al empowering education is to enhance teaching effectiveness, optimize the
learning experience, and achieve a balanced distribution of educational resources. Through intelligent
tools, teachers and students can interact more efficiently, and personalized learning becomes possible.
Meanwhile, data analysis can provide a scientific basis for educational decisions, helping to identify
learning difficulties and intervene in a timely manner. However, this process needs to follow clear
value orientations and ethical guidelines.

6.1 Technology Empowerment - Reshaping the Education Ecosystem. Artificial intelligence
technology is redefining the connotation and practical methods of education, promoting the
transformation of teaching models from traditional to intelligent. The application of intelligent tools
makes personalized learning possible and also provides teachers with more powerful auxiliary means,
reducing the teaching burden.

6.2 Value Adherence - Avoiding Alienation and Imbalance. The intelligentization of education
must adhere to the core concept of people-oriented. Technology should serve educational goals rather
than dominate or even replace the essence of education. While pursuing technological innovation, it
1s necessary to be vigilant against the tendency of toolization. The ultimate goal of education is to
cultivate well-rounded individuals, not merely to enhance learning efficiency.

6.3 Ethical Assurance - Building a Framework for Sustainable Development. Clear norms and
systems need to be established for issues such as data privacy protection, algorithm fairness
evaluation, and the boundaries of interaction between teachers and students. Multiple stakeholders
such as the government, schools, and enterprises should jointly participate in the supervision and
governance of technology application to ensure data security and ethical compliance in the process
of educational intelligence.

6.4 Future Development - Balancing Innovation and Humanity. Artificial intelligence should
not become a "black box" in education, but should serve teaching practice transparently and
explainably. While technological progress is advancing, it is necessary to strengthen the guidance of
values, cultivate students' critical thinking and moral judgment abilities, and ensure that technological
development does not weaken the humanistic care of education.

In conclusion, the empowerment of education by artificial intelligence represents a profound
transformation[15]. While enjoying the dividends of technological innovation, we need to respond to
this trend with an open but prudent attitude. We should not only fully utilize the power of technology
to promote educational progress, but also adhere to the essence and original intention of education.
We should seek a balance point between technological innovation and humanistic values, and jointly
build a fairer and warmer educational future.
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