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Abstract. In the context of the Web3.0 era, intelligent technologies such as
artificial intelligence, big data, and the Internet of Things are rapidly integrating
into the field of education. The digital transformation of education has become
the core direction of teaching reform in primary and secondary schools. As the
core implementers of educational practices, teachers' digital competence level is
directly related to the quality of integration between intelligent technologies and
education and teaching. Based on the era background of intelligent technology
empowerment, this paper clearly defines the core connotation of primary and
middle school teachers' digital competence, deeply analyzes the current situation
of primary and middle school teachers' digital competence cultivation, accurately
identifies the practical dilemmas such as individual cognitive biases, unbalanced
environmental construction, defective institutional systems, and superficial
technology integration, and then proposes targeted cultivation paths from four
dimensions: concept innovation, environment optimization, system
improvement, and technology integration. The research aims to provide
theoretical reference and practical guidance for effectively improving primary
and middle school teachers' digital competence, and help realize high-quality
development of educational digitalization.
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Introduction

Perspective of Intelligent Technology Empowerment

As a core proposition of global educational reform, the digital transformation of edu-
cation has become a key dimension driving the development of teachers' professional
literacy!!. China's Education Modernization 2035 clearly incorporates improving
teachers' information literacy and innovating educational and teaching models through
information technology into the framework of educational modernization construc-
tion?; the report of the 20th National Congress of the Communist Party of China
further emphasizes "promoting educational digitalization", pointing out the direction
for educational reform in the new era. In the context of the iterative evolution of
Web3.0 technology, intelligent technologies such as artificial intelligence and big data
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analysis are systematically reshaping the education and teaching ecology. Intelligent
technology empowerment in education specifically refers to the academic category
that relies on a new generation of information technology to provide systematic sup-
port for educational and teaching activities, optimize the efficiency of resource alloca-
tion, and innovate teaching implementation models. It improves the effectiveness of
education and teaching through practical forms such as personalized learning path
recommendation, forming the core driving mechanism of educational digital trans-
formation.

With the large-scale advancement of online-offline hybrid teaching and the emer-
gence of new educational forms such as personalized teaching and data-driven teach-
ing, the importance of primary and middle school teachers' digital competence has
become increasingly prominent. Chen Ken (2023) believes that teachers' digital com-
petence can be understood as the ability of teachers to use digital technology to carry
out teaching, develop their own careers, and promote learners' growth®®!. Tian Jun et
al. (2023) pointed out that competence is not just an ability, but also a qualification or
prerequisite for engaging in a certain job¥. Combining relevant research, the primary
and middle school teachers' digital competence defined in this paper is a comprehen-
sive ability group for teachers to achieve teaching goals and student development in
the intelligent education ecosystem, covering core ability dimensions such as digital
technology application and educational data decision-making. Its essential feature is
the organic integration of technology instrumentality and educational purpose. How-
ever, the current cultivation of primary and middle school teachers' digital compe-
tence still faces multiple practical dilemmas: insufficient teachers' digital cognition
level, structural imbalance in regional informatization construction, lack of unified
standards for cultivation, and lack of systematicness and pertinence in the training
system. In this context, this paper aims to explore the cultivation path of primary and
middle school teachers' digital competence from the perspective of intelligent tech-
nology empowerment, which not only meets the practical needs of educational digital
transformation, but also is a key measure to promote the high-quality development of
primary and secondary education.

2 Practical Dilemmas in the Cultivation of Primary and Middle
School Teachers' Digital CompetenceEase of Use

2.1 Individual Limitations: Digital Cognitive Bias and Unbalanced Ability
Structure

Teachers' digital subject consciousness directly determines the development effec-
tiveness of their digital competencel®). Some teachers have cognitive biases towards
the educational empowerment value of intelligent technology, simply positioning
digital technology as a "teaching auxiliary tool" rather than a "core driving force of
educational reform", resulting in insufficient endogenous motivation for technology
integration in teaching. At the same time, the iteration rate of intelligent technology
and teachers' technology adaptation ability form a tension: older teachers have skill
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shortages in the operation and application of emerging technologies such as artificial
intelligence and big data; although young teachers have basic technical operation
abilities, they are insufficient in high-level ability dimensions such as educational data
interpretation and analysis, and innovative application of technology, making it diffi-
cult to achieve in-depth integration of technology and subject teaching.

2.2 Environmental Constraints: Unbalanced Informatization Construction
and Inefficient Resource Allocation

The realization of intelligent technology empowerment in education relies on a sound
information technology support environment; however, there exists a significant im-
balance in informatization development between regions and schools. High - quality
urban schools have achieved full coverage and regular application of intelligent teach-
ing platforms and digital resource libraries, while rural and underdeveloped schools
still face structural issues such as aging hardware facilities and insufficient supply of
digital educational resources. In addition, there is a phenomenon of "emphasizing
hardware investment over application efficiency" in the construction of school digital
environments'®: some schools have completed the configuration of intelligent equip-
ment but lack systematic application guidance and support for teachers, resulting in a
high idle rate of equipment and the failure to fully release the educational value of
technology empowerment.

2.3  Institutional Shackles: Vague Cultivation Standards and Imperfect
System Construction

At present, a unified national standard and framework system for the cultivation of
primary and middle school teachers' digital competence has not yet been formed.
Existing policy texts mostly focus on the superficial needs of "optimizing teaching
behaviors", and the definition of key dimensions such as core elements and evaluation
indicators of teachers' digital competence is vague, resulting in a lack of clear orienta-
tion in cultivation goals. At the level of training practice, there is a problem that the
curriculum content is disconnected from teachers' actual needs: most training focuses
on the imparting of technical operation skills, while neglecting the cultivation of core
literacy such as data thinking and digital ethics; the training model is mainly based on
"centralized theoretical teaching", lacking situational practical exercises and long-
term tracking mechanisms, making it difficult to effectively transform into teachers'
teaching practice ability.

2.4  Technical Blocking: Superficial Technology Integration and Insufficient
Teaching Adaptability

The integration of intelligent technology with education and teaching presents a "su-
perficial” characteristic!’l. Teachers' application of intelligent technology mostly stays
at the level of basic functions such as "digital resource display" and "online interac-
tive Q&A", while the application rate of core technical functions like big data analysis
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and artificial intelligence - based personalized learning recommendation is relatively
low. Meanwhile, there exists a structural contradiction between the "universal design"
of technical tools and the "individualized needs" of subject teaching: existing intelli-
gent teaching tools are mostly applicable to general subject teaching scenarios, and
their adaptability to characteristic subjects such as music, physical education, and art
is insufficient, making it difficult to meet the practical needs of differentiated teach-
ing.

3 Cultivation Path of Primary and Middle School Teachers'
Digital Competence from the Perspective of Intelligent
Technology Empowerment

3.1 Concept Innovation: Strengthen Digital Awareness and Establish
"Technology Empowerment" Cognition

Promote the reconstruction of teachers' cognitive system by taking immersive digital
education scenarios as the carrier®. By creating a model smart classroom, dynamical-
ly present the real-time data feedback function of the artificial intelligence learning
situation diagnosis system and the multi-dimensional analysis results of the big data
teaching evaluation platform, so that teachers can intuitively perceive the optimization
effect of technology on the entire teaching process. Establish a long-term mechanism
for sharing technology-integrated teaching cases, invite backbone teachers to deeply
analyze the practical path and internal logic of "technology solving teaching prob-
lems", guide teachers to break through the cognitive limitation of regarding technolo-
gy only as an auxiliary tool, and establish its core empowerment position in teaching
decision optimization and personalized learning support. Simultaneously build a
stepped technical ability growth support system, implement hierarchical target man-
agement according to differences in teachers' age structure and technical foundation:
focus on basic operation of intelligent equipment and situational application guidance
for elderly teachers, and concentrate on cultivating data modeling ability and tech-
nical innovation application for young teachers. Relying on the "dual tutor system"
(collaboration between technical tutors and subject tutors) and interdisciplinary tech-
nical collaboration groups, provide regular and precise support to help teachers accu-
mulate experience in technical application efficiency through progressive successful
practices, forming a sustainable ability development closed-loop of "application-
reflection-optimization-innovation".

3.2  Environment Optimization: Improve Informatization Construction and
Consolidate the Foundation of Technology Empowerment

Under the guidance of the educational digital transformation strategy, solve the prob-
lem of unbalanced informatization development through regional overall planning.
Establish an urban-rural resource sharing mechanism of "government-led, inter-
school collaboration, and enterprise participation", increase precise investment in
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intelligent hardware for rural and weak schools, configure core equipment such as
interactive whiteboards, Al teaching assistants, and mobile learning terminals accord-
ing to standards, and achieve full coverage of basic technical facilities. Synchronously
build a regional digital educational resource center, integrate high-quality intelligent
teaching tools, curriculum resource packages, and typical training case libraries, break
resource barriers through cloud sharing, and ensure the inclusive penetration of tech-
nical dividends. On this basis, construct a "technology-teaching" ecological adapta-
tion system, and accurately configure intelligent equipment according to the require-
ments of subject core literacy™: for example, configure virtual experiment systems
supporting real-time data collection for science subjects, and digital reading platforms
with semantic analysis functions for Chinese. Establish a full-time technical support
center to provide full-process services such as equipment operation and maintenance,
technical consultation, and situational application guidance, systematically eliminat-
ing obstacles to teachers' technical application.

3.3  System Improvement: Improve Cultivation Standards and Build a
Systematic Training Mechanism

Based on the technology acceptance model and teacher professional development
theory, construct a "three-dimensional and six-element" digital competence cultiva-
tion framework. The basic layer focuses on digital technology knowledge (principles
of intelligent tools, basics of data technology) and application ability (resource acqui-
sition and processing, platform operation and application), forming the basic support
for technical application. The middle layer strengthens data thinking ability (data
collection, cleaning, modeling, and decision transformation) and teaching innovation
ability (technology-integrated teaching design, differentiated teaching implementa-
tion), building the core hub for ability advancement. The high layer highlights digital
ethics awareness (privacy protection, information identification, technical norms) and
lifelong learning ability (technology iteration tracking, independent development
planning), laying the source of power for sustainable development. Based on this,
optimize the hierarchical and classified training system: basic training adopts the "mi-
cro-course + practical workshop" model, focusing on intelligent tool operation and
basic data analysis skills; advanced training is carried out through "project-based
learning", focusing on technology-integrated teaching strategies and personalized
teaching scheme design; adopt a mixed model of "online independent learning + of-
fline situational research", relying on carriers such as school-based research commu-
nities, famous teacher workshops, and cross-school technology application projects to
establish a closed-loop transformation mechanism of "training-practice-reflection-
improvement", ensuring the effectiveness of ability cultivation.

3.4  Technology Integration: Promote In-depth Integration of Intelligent
Technology and Teaching Practice

Guided by data-driven teaching theory, construct a systematic data literacy cultivation
system!'%, Through special training, enable teachers to master the whole-process pro-
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cessing methods of educational data, including learning situation data collection tech-
nology based on intelligent teaching platforms, skills of data cleaning and visual anal-
ysis using statistical tools, and strategies for transforming learning reports (distribu-
tion of knowledge weak points, characteristics of cognitive paths) into teaching im-
provement plans. Organize interdisciplinary data application workshops to promote
Chinese teachers to use text analysis tools for writing ability diagnosis, and mathe-
matics teachers to locate thinking obstacles based on big data of wrong questions,
realizing data empowerment for precise teaching. At the same time, establish a tech-
nology innovation incentive mechanism to support teachers in reconstructing teaching
models based on intelligent technology: use virtual reality (VR) technology to create
immersive learning situations such as historical scene restoration and geographical
landform observation to enhance the depth of students' experiential learning; use arti-
ficial intelligence teaching assistant systems to realize personalized push of learning
resources and real-time answering of questions, optimizing the effect of teaching
students in accordance with their aptitude; build students' growth process evaluation
files through blockchain technology to realize full traceability of learning trajectories
and integration of multiple evidences. This enables teachers to deepen their cognition
of technical value in innovative practices and achieve in-depth coupling of technology
instrumentality and educational purposel!!l.

4 Conclusions

Intelligent technology empowerment has created unprecedented development oppor-
tunities for the digital transformation of education, and the systematic improvement of
primary and middle school teachers' digital competence is the core hub to seize this
strategic opportunity. At present, the cultivation of primary and middle school teach-
ers' digital competence still faces multi-dimensional practical challenges such as con-
ceptual cognitive biases, insufficient environmental support, lagging system construc-
tion, and superficial technology integration. It is urgent for educational management
departments, schools, and teachers to form a collaborative governance pattern:
strengthen teachers' digital subject consciousness through concept innovation, consol-
idate the basic support for technology application by means of environment optimiza-
tion, provide standardized cultivation frameworks relying on system improvement,
and promote the deepening of teaching practice innovation through technology inte-
gration. Looking forward to the future, with the iterative evolution of intelligent tech-
nology, the connotative dimensions of primary and middle school teachers' digital
competence will continue to expand, and the cultivation paths will also need dynamic
adjustment. Only by adhering to the value orientation of "taking teacher development
as the core" and focusing on the in-depth coupling of intelligent technology with edu-
cation and teaching can we promote the qualitative leap of teachers' digital compe-
tence and inject sustainable impetus into the high-quality development of educational
digitalization.
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