Front. Edu. China 2026, 21(2): 226-248
DOI 10.3868/s110-021-026-0011-7

RESEARCH ARTICLE

Practical Patterns and Optimization
Pathways for Classroom Application of
the Smart Education of China Platform for
Primary and Secondary Education*

KE Qingchao®, WANG Pengli®, MA Xiufang®, MAI Jingyi®

r

Abstract

The Smart Education of China platform for primary and secondary education (SECPSE)
serves as a crucial support for achieving the digital transformation of classroom teaching.
Focusing on the practical efficacy of this platform in empowering classroom teaching,
this study employs a mixed-methods approach. It conducts a questionnaire survey
involving 69,304 primary and secondary school teachers nationwide, supplemented
by an in-depth analysis of teaching behaviors and epistemic networks of 20 typical
cases, as well as a grounded theory analysis of 845 demand texts. This comprehensive
investigation systematically explores the platform’s application status, typical models,
and optimization pathways. The findings reveal that, firstly, teachers exhibit relatively
high overall satisfaction with the platform, and its application has preliminarily formed a
pattern covering the entire teaching process. Secondly, the application of the SECPSE in
classroom teaching primarily manifests in three typical models. The tool-enabled model
deeply embeds technology into the teaching process through on-demand utilization of
platform resources and tools. The dual-teacher model leverages expert teacher video
lectures from the platform to implement collaborative teaching between online experts
and offline teachers, effectively expanding the coverage of high-quality resources.
The self-directed inquiry model relies on the platform’s learning resources, task-pushing
capabilities, and learning analytics to promote students’ autonomous knowledge construction.
Thirdly, based on the grounded theory, a model encompassing content, tool, service, and
mechanism needs is constructed. Accordingly, targeted optimization strategies are proposed.
These include optimizing content supply to build a precise resource ecosystem, upgrading
tool functionalities to enhance teaching adaptability, improving service support to establish
a full-coverage guarantee system, and innovating mechanism development to stimulate
momentum for sustained application. The theoretical model and methodological strategies
constructed in this study may provide theoretical support and practical references for the
promotion and application of the SECPSE.
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1 Introduction

The digital transformation of education has emerged as a core driver of global educational
modernization. The 2024-2035 Master Plan on Building China into a Leading Country in
Education proposes the implementation of the national digital education strategy, advocating
for driving integration, intelligence, and internationalization through application-oriented and
governance-based approaches. The strategy further highlights the necessity to improve and
effectively utilize the Smart Education of China (SEC) platform and establish a vertically and
horizontally integrated, collaborative digital education system (Li, 2024). In March 2022,
the Smart Education of China platform for primary and secondary education (SECPSE) was
officially launched, marking a transition for educational resources from centralized supply to
a new stage of intelligent services.

The SECPSE serves as a pivotal instrument for the Ministry of Education of the People’s
Republic of China (MOE) to advance the national digital education strategy. In the
future, China needs to increase supply-side investment in digital education, especially the
construction and innovative application of the national smart education platform, specific
large models for education, and educational big data centers (Ke et al., 2025). Educational
authorities at all levels have promoted the platform through various methods, such as pilot
application, region-wide promotion, and case collection, to facilitate its application in
scenarios such as student learning, teacher teaching, and teacher training. However, the
scarcity of typical application models and exemplary cases in relevant scenarios reveals
limitations of the platform in teaching practice. Therefore, this study focuses on three core
topics, including the classroom teaching application status of the SECPSE in primary and
secondary classroom teaching, the patterns and characteristics of classroom teaching practices
based on the SECPSE, and the further optimization of the SECPSE based on the practical

needs of teachers.

2 Literature Review

With the continuous iterative development of the SECPSE, its core value is gradually shifting
from technological platform construction to the empowerment of teaching scenarios. Studies
on the platform are undergoing a paradigm shift from tool usability to teaching effectiveness,
making it imperative to systematically examine its empowerment mechanisms and practical

challenges in authentic classrooms.

2.1 Development of the Digital Education Service of China Platform and the SEC
Platform

The development of the Digital Education Service of China platform and the SEC platform

is categorized into several stages. The first stage (2012-2019) focused on resource

aggregation. Building upon the Three Connections and Two Platforms, scattered resources
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were integrated, and a unified management platform was established, thereby achieving
resource intensification and process standardization. Relevant studies mainly explored the
construction and evaluation of resource platforms (Ke et al., 2016), supply and services
(Chen & Li, 2021; Lii & Ke, 2020), and the construction and application of online learning
spaces (Guo et al., 2017). The second stage (2019—2022) was the emergency transformation.
In response to MOE’s initiative to suspend classes without disrupting learning, the National
Online Cloud Classroom for Primary and Secondary Schools was urgently developed. The
SECPSE platform provided high-quality resources in thematic education and curriculum
delivery. Collaborative efforts were made to establish curriculum resources developed by
expert teachers and renowned schools, while services including homework and online testing
were improved to ensure teaching continuity (Yang & Wang, 2020). During this stage, the
platform integrated cloud computing, big data, and artificial intelligence (AI) technologies to
significantly enhance the interactivity and personalization of classrooms (Meng et al., 2021).
It established a foundation for the digital transformation of education in the post-pandemic
era.

The third stage (2022-2024) marked the 3C resource service phase, in which 3C
stands for connection, content, and cooperation. In March 2022, the SEC platform was
officially launched, while MOE required platform development to follow the 3C concept.
Simultaneously, nine major scenarios were released to deepen the application of the smart
platform through data empowerment, thereby achieving resource integration and precision
services. Relevant studies focused on empowering teacher training (Chang et al., 2024; He &
Feng, 2024), after-school services (Liu et al., 2023), and the realization of data governance
(Yang et al., 2023), among other deep-level scenarios. The fourth stage (2024 to present)
is the 31 smart ecosystem stage, where 31 refers to integrated, intelligent, and international
(Gao, 2024). The SECPSE launched a series of subject-specific large models and intelligent
tools, aggregating a batch of practical intelligent tools, such as Al Classroom, a mathematical
problem-solving assistant, and an intelligent test generation assistant. Relevant studies
investigated the theories and practices of integrating generative artificial intelligence (GenAl)
into the SECPSE (Sun & Zhou, 2024), along with its value on the international stage (Ren
et al., 2024) (see Figure 1).

2.2 Research on Applying the Smart Education of China Platform in Teaching
The application of the SECPSE in teaching has yielded significant results and was recognized
as a benchmark case for educational informatization by the United Nations Educational,
Scientific and Cultural Organization in 2023.

First, the platform has effectively promoted educational equity and quality enhancement.
As of April 2025, the platform had aggregated 110,000 items of high-quality resources
for primary and secondary schools, with over 164 million registered users (Ministry of

Education of the People’s Republic of China, 2025). Through models such as dual-teacher
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classrooms and self-directed learning, the platform has assisted rural and remote schools in
fully implementing the national curriculum, advancing the balanced development of urban
and rural education (Gu & Zhang, 2022; Wang & Guo, 2023). Additionally, the platform
has effectively supported the implementation of major national education strategies, such
as the “double reduction” policy, after-school services, and the initiative to suspend classes
without disrupting learning.

Second, the platform has significantly advanced teaching reform and efficiency
optimization. High levels of teacher satisfaction have been observed, with an increasing
number of teachers utilizing the platform for long-term class preparation and professional
training. Learning scenarios have been expanded through virtual simulation laboratories
and online learning spaces. Moreover, the use of intelligent homework tools has facilitated
the design of diverse, tiered homework and the precise delivery of appropriate learning
resources, thereby enhancing teaching efficiency and student interest. Additionally,
the platform has provided teachers with extensive teaching resources and learning
opportunities, such as online training courses and seminars, which have fostered their
professional development.

Third, the service capacity of the platform has been significantly enhanced. By integrating
high-quality resources from the government, schools, publishing institutions, and society,
the platform has established a four-horizontal and five-vertical resource supply framework.
Specifically, it has integrated four national platforms, covering basic education, vocational
education, higher education, and lifelong education, as well as 32 provincial platforms.
The framework is vertically connected in five educational aspects, such as students’
moral, intellectual, physical, aesthetic, and labor-based development, achieving platform

interconnection, user interoperability, and resource sharing. This has essentially resulted
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in the creation of the world’s largest education and teaching resource repository (Ministry
of Education of the People’s Republic of China, 2025). Moreover, the platform has
continuously upgraded its intelligent services to facilitate intelligent resource organization,
personalized services, and supervisory evaluation (Ke et al., 2023). By providing tools for
class preparation, teaching clients, homework management, and intelligent assessment,
it has supported innovative teaching models, such as dual-teacher classrooms and cross-
school class grouping, thereby promoting the diversification of educational evaluation.

The SECPSE has established relatively stable classroom application models, manifested
as empowering small-scale schools to provide quality courses (Guo, 2024), optimizing
teaching processes, sharing teachers’ intellectual resources, and realizing large-scale
personalized learning. However, relevant studies have indicated that several challenges
persist in teaching applications supported by the SECPSE. Firstly, the technological
application needs to be deepened. Some regions remain at the stage of resource utilization
and have yet to undergo systematic reform (Zeng et al., 2023). While the technology of
the SECPSE is continuously upgraded, technological provision itself does not equate
to effective teaching. Its value is highly contingent upon the degree of deep integration
between teachers’ concepts, instructional design, and technological functions. Secondly,
it is necessary to strengthen the functional adaptability of the platform. There exists a
mismatch between the design of platform functions and the diverse, dynamic needs of
frontline classrooms, impacting the willingness of teachers and students to utilize the
platform (Guo & Fu, 2023; Ma et al., 2024). Therefore, it is imperative to establish a more
flexible and responsive mechanism for the continuous optimization of platform functions.
Thirdly, the long-term operational mechanism requires further improvement. Numerous
project practices have exposed the fragility of long-term operational mechanisms, revealing
an institutional gap in the transition from pilot demonstration to routine integration.
Previous studies have revealed that factors including environment, value, and technology
influence the promotion and application of platforms (Liu, 2024). Therefore, it is crucial to
identify appropriate carriers for promoting the SECPSE, such as utilizing expert studios (Wu
et al., 2024).

3 Methods

This study adopts a mixed-methods approach combining a large-sample questionnaire
survey, typical case analysis, and grounded theory analysis. It constructs a mechanism for
mutual verification among data, cases, and theory while exploring the classroom application

characteristics, typical models, and optimization pathways of the platform.

3.1 Questionnaires and Interviews

The questionnaire survey covers basic information, digital literacy, the classroom teaching
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application of the platform, satisfaction with the platform experience, and suggestions for
improvement. It aims to examine teachers’ platform-based teaching practices, their evaluation
and satisfaction regarding the platform’s resources, functions, and services, as well as their
demands for improvement. The questionnaire is distributed online via Sojump. com, covering
31 provincial-level administrative regions and the Xinjiang Production and Construction
Corps. As a result, 69,304 valid questionnaires are collected from primary and secondary
school teachers. As for the participants, female teachers account for 70.17%, while young
and middle-aged teachers under 50 years old account for over 85%. Regarding geographical
distribution, 31.75% are from eastern China and 68.25% from western China. The primary
teaching subjects are Chinese, mathematics, and English (collectively exceeding 50%).
The interview outline is designed to gather information on the current status of classroom
application, effectiveness evaluations, and development potential of the platform, aiming
to analyze the role and impact of the SECPSE on teaching practices. The interview outline
is distributed to provincial and municipal educational administrative departments as well
as primary and secondary school administrators. Generally, 524 valid written responses
are received from 26 provincial-level regions, encompassing 96 educational administrative

departments and 428 primary and secondary schools.

3.2 Case Study

This study selects 20 representative classroom cases reflecting the normalized application of
the SECPSE during teaching activities for in-depth analysis. The criteria for case selection
are as follows: (1) reflecting the normalized application of the platform, (2) covering various
modes from traditional lecturing to flipped teaching, and (3) providing detailed data support
for teaching processes and learning outcomes. By establishing an analytical framework
for classroom teaching behaviors and strategies, this study statistically analyzes teaching
behaviors, examines cognitive networks, and reveals the technological reconstruction

mechanism of the platform for classrooms.

3.3 Grounded Theory Analysis

The grounded theory is employed to extract the elements of teachers’ application needs so as
to facilitate an optimization framework and pathways for the SECPSE. A database of teachers’
needs for applying the SECPSE in teaching is established, based on 845 improvement
suggestions and 41 in-depth interview transcripts collected during the survey. NVivo 12 Plus
software is used for the three-level coding of qualitative materials, comprising initial, axial,
and selective coding, with a portion of the materials reserved for coding saturation testing.
Interview transcripts are coded as FT1-FT41, and questionnaire data are coded as WJ1—
WI845.
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4 Patterns and Characteristics of Classroom Teaching Practices Based on
the SECPSE

The SECPSE has initially developed application forms with large-scale and whole-

process coverage. It is imperative to penetrate superficial phenomena to reveal its structural

implementation paradigm. By analyzing typical cases, this study investigates the mechanism

for applying the SECPSE in classrooms across several dimensions, such as practical patterns,

model architectures, behavioral pathways, and cognitive networks. It addresses the transition

from simple resource application to classroom teaching reconstruction.

4.1 Patterns for Practices of Applying the SECPSE in Classrooms

Nearly 80% of teachers routinely utilize the SECPSE, with 42.15% using the platform weekly
and 23.44% employing it intensively during specific periods. The selection of devices for
platform access exhibits diversified characteristics, with computers (41.34%) and mobile
phones (40.69%) serving as the primary access terminals, while the utilization of large
classroom screens (16.67%) is concentrated in in-class teaching scenarios. Findings regarding
teaching practice indicate that 71.67% of teachers have conducted platform-based teaching,
of whom 36.35% have developed systematic application cases, while 35.32% of teachers
remain in the preliminary application stage. The application rate of dual-teacher classrooms
has reached 62.29%. Rural teachers’ enthusiasm for application (60.90%) is higher than that
of urban teachers (57.67%), reflecting the platform’s compensatory effect on the deficiencies
in rural education.

The classroom application of the SECPSE has initially formed an application modality
characterized by coverage of the entire teaching process. Through the online and offline
teacher rotation training program, teaching research has been advanced to the frontline of
education, facilitating the integrated application of resources across teaching, research, class
preparation, learning, and homework management. High-quality course, supporting textbooks,
and professional resource repositories provide systematic, specialized knowledge for students
at various educational stages. 54.27% of students utilize the SECPSE to engage in activities,
such as class preparation, after-class review, group interaction, and peer learning at their
convenience, which facilitates a more accessible understanding of knowledge and enhances
students’ interest in learning. Teachers generally recognize the utility of the SECPSE in
assisting with class preparation, providing support during the class, and designing homework.
58.93% of teachers have attempted to explore the dual-teacher classroom teaching model by
incorporating exemplary classroom cases from the platform, thereby restructuring classroom
organization and teaching workflows. 77.87% of teachers believe that high-quality curriculum
resources provide support for teaching practices, while 64.85% consider that exemplary
teaching design resources facilitate the creation of high-quality homework. Furthermore,
76.02% of teachers recognize the efficacy of the extensive professional development

resources provided by the SECPSE in supporting teachers’ professional development.



Practical Patterns and Optimization Pathways for Classroom Application of the Smart Education of China Platform

4.2 Typical Classroom Application Models of the SECPSE

Based on preset selection criteria, this study selects 20 classroom teaching application cases

233

from survey samples across multiple regions in China. Examples include Problem Solving in

the Position and Direction Unit for third-grade mathematics at Tianjin Experimental Hebei

Wanghai Primary School (Tianjin Primary School), Calligraphy for the third grade at Harbin

Zhaolin Primary School (Harbin Primary School), and Chickens-and-Rabbits Problem in

the Mathematical Garden Unit for fourth-grade mathematics at Chongqing Liangjiang New

District Xingyuan Primary School (Chongqing Primary School). Through feature extraction,

classification analysis, and model refinement of these cases, three typical classroom teaching

application models of the SECPSE are summarized, including the tool-enabled model, dual-

teacher model, and self-directed inquiry model (see Table 1).

Table 1

Comparative Analysis of the Three Classroom Application Models

Dimension

Tool-enabled model

Dual-teacher model

Self-directed inquiry
model

Core objective

Leading role

Key technological
function

Application
scenario

Core advantage

To empower the entire
teaching process with
technology

Teacher-led and
technology-assisted

Resource delivery (micro-
lectures/task sheets),
interaction tools (H5
player/drawing board/
timer), and data
feedback (automated
assignment evaluation/
learning reports)

Conventional subject
teaching
(urban proportion:
68.20%)

Closed-loop teaching
management
and integration of
resources, tools, and
data

To compensate for
professional teaching
deficiencies

Dual-teacher
collaboration
(Online expert teachers +
offline teachers)

Expert teacher
demonstration videos,
tiered playback control,
and cultural resource
expansion

Scenarios with
specialized teacher
shortages
(rural application rate:
60.90%)

Breaking regional
limitations in teacher
resources and
combining expert
teacher demonstrations
with personalized
instructions

To facilitate students’
autonomous knowledge
construction

Student-centered and
teacher-guided

Tiered task delivery,
group discussion tools,
and learning diagnostic
systems

Project-based/Inquiry-
based learning
(primarily for upper
primary grades and
above)

Supporting personalized
learning paths as well
as the recordability and
traceability of the entire
teaching process

(7o be continued)
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(Continued)
Dimension Tool-enabled model Dual-teacher model Self-directed inquiry
model
Main limitation Dependence on teachers’ Insufficient offline High requirements
technology integration interaction design for teachers’ data
competence capabilities of teachers interpretation abilities

The core characteristic of the tool-enabled model is the flexible integration of platform
resources and tools by teachers, facilitating empowerment throughout the entire teaching
process, namely, before, during, and after class. Grounded in the technological capabilities
and resource ecosystem of the platform, this model utilizes the teaching material resources
provided by the SECPSE, including learning task sheets, courseware, micro-lectures, teaching
design, and question banks. Along with teaching tools, such as subject-specific, interactive
and evaluative tools, group collaboration tools, and homework management tools, this model
plays a significant role throughout the entire daily classroom teaching process. For instance,
the mechanism is clearly presented in the third-grade mathematics case, Describing the
Walking Route, at Tianjin Primary School. Before the class, the teacher pushes micro-lectures
and task sheets through a teacher-student chat group, allowing students to independently
regulate their preview progress using the variable playback speed function. During the class,
an HS player is used to review direction-related knowledge, a drawing board tool visualizes
route descriptions, and a timer is used to precisely manage group inquiry time. After the
class, the teacher intelligently generates test papers from the platform’s question bank and
auto-grades them to generate diagnostic reports. The significance of this model lies in the
integration of resources, tools, and data. Specifically, diverse resource types facilitate the
continuity of teaching stages, digital tools enhance classroom efficiency, and homework
data enable targeted teaching, reflecting the innovative characteristic of deeply integrating
technology into the teaching closed loop.

The dual-teacher model mitigates specialized teacher shortages by establishing a dual-track
collaborative mechanism that combines online knowledge delivery by expert teachers with
offline teaching management by local teachers, thereby enhancing educational effectiveness.
This model is categorized into two types. The first is the dual-teacher classroom application
model equipped with expert teachers and teaching assistants. The teaching process primarily
relies on the videos provided by expert teachers via the platform. Meanwhile, local teachers
are responsible for managing the teaching pace. They utilize large classroom screens to play
expert teaching resources, such as recorded classroom sessions or online courses, and pause
playback as necessary to facilitate student discussions and exercises to reinforce learning
outcomes. This approach is frequently employed in classrooms lacking specialized subject
teachers, where information technology teachers deliver Al technology classes or art teachers
conduct calligraphy classes in a dual capacity.

The second type incorporates lead teachers and expert teachers, where platform segments
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are used to overcome teaching difficulties. Offline lead teachers leverage expert teacher
resources from the SECPSE by integrating them into the teaching process while providing
further knowledge explanations to collaboratively address pedagogical challenges. For
example, following the expert teacher’s teaching, supplementary explanations are provided
promptly based on the students’ learning progress. A calligraphy classroom case from Harbin
Primary School illustrates the specific implementation pathway. During the teaching phase,
expert teacher demonstration videos of brushwork are looped to illustrate the ingenuity
of key strokes, enabling students to perform close-range imitation using desk-mounted
screens. In the differentiated guidance phase, segments addressing technical difficulties are
replayed specifically for students with weaker performance. Moreover, within the cultural
dimension, calligraphy cultural resources from the platform are linked to broaden the
educational scope.

The self-directed inquiry model is designed to facilitate self-directed inquiry learning
among students. Within this model, under the guidance of the teacher, students utilize the
SECPSE as arranged to conduct self-directed inquiry learning and complete tasks, such as
homework. Centering on the student, this model constructs a teaching cycle covering task
delivery, self-directed inquiry, and data feedback. Its implementation efficacy hinges on
teachers’ capacity to interpret and transform learning data. The core advantage of this model
lies in the learning pathway visualization (comprehensively recording resource navigation
trajectories), interaction process visualization (rendering students’ cognitive paths explicit),
and evaluation result visualization within the teaching process (generating knowledge mastery
evaluation reports based on data analysis). For instance, a project-based learning case on the
Chickens-and-Rabbits Problem in a fourth-grade mathematics class in Chongqing Primary
School illustrates this operational framework. In the task design phase, teachers provide tiered
inquiry worksheets (foundational or advanced) based on variations in student ability. During
the process support phase, students conduct inquiries by viewing micro-lectures, engaging in
group discussions, and posing real-time questions in group chats. Regarding evaluation and
feedback, the platform automatically grades homework and generates error analysis maps,

which enable teachers to provide precise, group-specific instructions.

4.3 Behavioral Pathway Analysis of Models for Applying the SECPSE in Classrooms

A behavioral classification framework is constructed based on the teaching process (before,
during, and after the class) and three platform empowerment models. An analysis of
platform application behaviors by teachers in 20 classroom cases of the SECPSE reveals
significant differences in the behavioral pathways of the three classroom types (see Figure 2).
Classrooms employing the tool-enabled model exhibit a technology-embedded behavioral
pathway. Guided by teaching objectives, teachers utilize the platform toolchain for deep
interaction throughout the teaching process to improve efficiency and quality. In the analyzed

cases, the usage rate of platform teaching tools, such as disciplinary and interactive tools,
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reaches 71.43%, demonstrating the functional empowerment of the platform in teaching.
Classrooms employing the dual-teacher model are characterized by the centralization of
expert teacher resources. The application of expert teacher resources during class accounts for
84.62%, whereas teaching behaviors are largely absent before and after the class, representing
less than 1.5% of the total frequency. It reflects the strong dependence of this classroom
type on high-quality expert teacher resources. Classrooms employing the self-directed
inquiry model demonstrate a data-enabled learning closed loop, characterized by task-driven
approaches. Before the class, tasks and resources are released to guide students’ autonomous
exploration. During the class, online Q&A support personalized learning. After the class,
learning diagnostics enable data-driven feedback optimization, highlighting the core value of

the SECPSE in empowering individualized teaching.

s 1
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4.4 Epistemic Network Analysis of Teachers’ Strategies for Applying the SECPSE in
Classrooms
Teachers’ perceptions of classroom teaching strategies with the SECPSE are reflected in three
aspects. Firstly, content support. Extensive resource libraries provide learners with multimedia
materials and activities conducive to deep understanding, facilitating the generation of
wisdom (Li et al., 2017). Secondly, cognitive support. Platform tools are utilized to guide
cognitive and interaction strategies, promoting cognitive transformation (Lin et al., 2019).
Thirdly, social network support. Harmonious and stable group relations and collaborative
environments are fostered through learners’ online collaboration, knowledge innovation, and
management. A coding scheme for strategy cognition of applying the SECPSE in classrooms
is developed (see Table 2) in this study. On this basis, an epistemic network analysis (ENA) is

conducted on the platform application strategies in 20 classes based on this framework.
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Table 2

Coding Scheme for Strategy Cognition of Applying the SECPSE in Classrooms

First-level Second-level dimension Definition
dimension
Content Resource aggregation Matching authoritative resources corresponding to
support and presentation textbook versions based on curriculum standards or
learning situations to achieve differentiated delivery
Task-driven resource Transforming resources into goal-oriented learning
organization activity sequences through guided learning task
sheets and other tools
On-demand resource Instantly invoking multimodal resources for key or
invocation difficult classroom points to dynamically demonstrate
abstract concepts
Cognitive Hierarchical cognitive Setting up dual-path (foundational or advanced) tasks to
support guidance accommodate cognitive differences among students

Social network
support

Data-driven teaching
decision-making

Contextualized cognitive
practice

Asynchronous
collaboration and
knowledge co-creation

Synchronous
collaborative field
construction

Collective knowledge
management

Analyzing data from homework or questions to pinpoint
issues and dynamically adjust the teaching focus

Creating scenarios, such as role-playing and experimental
simulations, to promote knowledge transfer

Providing asynchronous Q&A via discussion areas or
private messages and accumulating individual learning
data

Organizing real-time collaborative activities to deepen
cognitive conflict and the exchange of viewpoints

Categorizing collective intelligence outcomes to drive
differentiated teaching and resource optimization

ENA reveals differences in teachers’ cognition of technology-supported strategies across

the tool-enabled model (C1), the dual-teacher model (C2), and the self-directed inquiry model
(C3). This study illustrates the distribution of centroids in the cognitive network diagram
of teachers’ utilization of the SECPSE across the three models (see Figure 3). Each node
represents the centroid of the SECPSE application strategies for a single class, and the three
large nodes represent the average centroids for each model. The outer dashed square indicates
the 95% confidence interval for the centroid position. Furthermore, the distributions of the
three models projected onto the 2D space differ noticeably, and the centroid of each model is
distant from those of the other two (see Figure 4). To test for statistical significance, pairwise
t-tests are conducted on the mean centroids of the cognitive network diagram for the three
models. The results indicate that, compared with C3 (M = 0.21, SD = 0.20), the cognitive
network structure of C1 (M =-0.10, SD = 0.31) on the X-axis is significantly different, with ¢
(10.38) =-2.25, p = 0.05, and Cohen’s d = 1.20. On the Y-axis, a significant difference is also
observed between C1 (M =-0.20, SD = 0.21) and C3 (M = 0.30, SD = 0.30), with 7 (10.61) =
3.62, p = 0.00, Cohen’s d = 1.93. Compared with C3 (M = 0.21, SD = 0.20), the cognitive
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network structure of C2 (M =—0.13, SD = 0.44) on the X-axis shows no significant difference.
However, on the Y-axis, a significant difference is identified between C2 (M = —0.12, SD =
0.16) and C3 (M = 0.30, SD = 0.30), with 7 (9.41) = 3.17, p = 0.01, and Cohen’s d = 1.68. No
significant differences are observed between C1 and C2 on either the X-axis or the Y-axis.
This study presents the cognitive network diagram for models C1, C2, and C3 (see Figure
4). The nodes represent cognitive elements. The size of a node is positively correlated with
the frequency of the cognitive element. The thickness of the connection between nodes
represents the strength of the relationship between two cognitive elements and is positively
correlated with their co-occurrence frequency. A comparison of the three models reveals that
in the cognitive network diagram, the centroids of C1 and C2 are both located below the
X-axis. They are adjacent to cognitive elements, such as on-demand resource invocation,
contextualized cognitive practice, data-driven teaching decision-making, and synchronous
collaborative field construction. However, C1 emphasizes application strategies, such as
hierarchical cognitive guidance and task-driven resource organization, whereas C2 focuses on
collective knowledge management. The centroid of C3 is located above the X-axis, close to
cognitive elements, such as asynchronous collaboration and knowledge co-creation, collective
knowledge management, resource aggregation and presentation, data-driven teaching
decision-making, and contextualized cognitive practice. All three models reflect a diverse
range of strategies employed by teachers in applying the SECPSE, demonstrating favorable
outcomes across the dimensions of content support, cognitive support, and social network

support.

5 Optimization Framework for the SECPSE Based on Classroom Application
Needs

Employing the grounded theory, this study analyzes collected suggestions for improving

the SECPSE, as well as in-depth interview transcripts, revealing structural barriers between

teachers’ classroom application needs and platform service supply. This assists in establishing

a classroom-centered platform improvement mechanism and promotes a transition from

partial adjustment to holistic optimization.

5.1 Needs Analysis Based on the Grounded Theory

The grounded theory analysis constructs the elements of teachers’ needs for the SECPSE
through a three-level coding procedure. Firstly, in the open coding phase, a flexible coding
method is adopted, primarily focusing on line-by-line coding while incorporating word-
by-word and event-by-event coding. Through gradual conceptualization from concrete to
abstract, 108 initial concepts are formed, such as continuous training, continuous resource
optimization, and secondary processing.

Through the induction of initial concepts, 34 initial categories are formed, such as Al

239



240

KE Qingchao, WANG Pengli, MA Xiufang, MAI Jingyi

platform training and A2 operation guidance. Secondly, in the axial coding phase, the core

task is to identify and establish various organic connections between conceptual categories

to form categories. Ultimately, 14 main categories are formed at this stage, such as Bl

curriculum resources and B2 learning resources. Thirdly, in the selective coding phase, the

main categories are further refined to identify four core categories, which reflect that teachers’

requirements for the platform encompass content, tools, services, and mechanism needs (see

Table 3).

Table 3

Grounded Theory Coding: Needs for Application of the SECPSE in Teaching

Open coding

Selective
coding

Axial coding

A8 subject teaching resources, A13 experimental resources,
A18 forms of teaching resources

A14 test resources, A34 homework and exercises

A3 diversified supply, A29 timely resource updates, A31
resource review, A32 resource practicality, A33 resource
adaptability

A10 cross-database retrieval, A15 suggestive retrieval

A4 personalized function, A27 intelligent teaching assistant

A20 learning and exchanges, A25 interaction with expert
teachers

A19 student application supervision, A21 learning status
monitoring

A6 teaching evaluation, A7 learning outcome assessment

A28 open resource download, A30 resource sharing

A1 platform training, A24 application demonstration

A2 operation guidance, A11 privacy protection, A23
application compatibility

A12 software and hardware support, A22 ease of
application, A26 operational stability

A9 psychological encouragement, A16 material incentives

AbB work-study balance, A17 appropriateness of
administrative promotion methods

B1 curriculum Content needs

resources
B2 learning resources

B3 resource quality

B4 retrieval function Tool needs

B5 intelligent
function

B6 interaction
function

B7 application
management

B8 assessment
function

B9 download and
sharing

B10 application Service needs

training

B11 technical support

B12 platform usability

B13 application Mechanism

incentives needs

B14 promotion
mechanism

The content needs encompass both diversified resource supply and resource quality control.

The issue of incomplete resource coverage is prominent, with substantial gaps in resources for
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certain subjects, particularly music, physical education, art, labor education, and information
technology. Teachers report that mental health course resources are almost non-existent and
require self-recording for supplementation (FT17). There are 34.97% of teachers advocating
for the supplementation of multi-version textbook resources. Furthermore, resource updates
lag behind curriculum reforms, and educational resources seldom reflect the requirements of
the 2022 version of the curriculum standards. Additionally, the quality control mechanism
for resources is absent. Teachers observe that some experimental videos contain operational
errors, reflecting the lack of special review mechanisms (WJ203). Therefore, strengthening
expert review to eliminate factual errors emerges as a significant demand.

The tool needs are primarily manifested as the optimization of teaching application
functions and access to resource management permissions. Specifically, the inefficiency of
the retrieval system is prominent, with 25.14% of teachers expressing dissatisfaction, and the
lack of keyword association functions results in an average resource search time exceeding
8 minutes. Teachers report that searching for dynamic courseware on the “area of a triangle”
required manual page-turning more than 20 times (WJ491). It is recommended that the
platform automatically associate and recommend resources based on partial search terms to
facilitate more convenient retrieval (WJ219). Moreover, feedback from teachers suggests
that the variety of available teaching tools is limited and provides insufficient support for
classroom interaction. They report the lack of interactive formats, such as group competition
and real-time ranking (FT33). Teachers advocate for easing restrictions on downloading and
editing resources to address the practical challenge of recording, saving, and then re-editing
the screen. They express that it would be beneficial if the platform provided modifiable
learning task sheets (WJ216) and wish to download and use courseware and videos from
the platform (FT15). Resources on the platform, such as courseware and homework, are not
downloadable, resulting in low utilization rates (WJ115).

The service needs to focus on enhancing the effectiveness of application training and
fostering innovation in teaching concepts. Generally, 78.3% of teachers note that training
emphasizes basic operations and lacks subject-integrated case guidance, resulting in a gap
between training and practical demands. Teachers state that three training sessions were
attended, yet how to use the platform to design inquiry tasks was never explained (FT29).
They expect the training will enable them to master relevant technologies and innovative
pedagogical methods to enhance teaching quality and outcomes (FT23). It is recommended
that emphasis be placed on training teachers in the operation of smart education platforms
and the utilization of teaching resources (FT27). Furthermore, a significant disconnect exists
in multi-terminal experiences, where inconsistencies between PC and app functions create
implementation difficulties. According to teachers, many functions are unavailable for
operation on the mobile terminal (WJ702). The stability of platform functions also emerges
as a key requirement. Network instability, platform crashes, and software incompatibility are
encountered during the class, which negatively affect the teaching process (FT27).

Mechanism needs involve institutional innovation. Mechanism construction exhibits
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institutional lag, particularly with promotion methods that lack scientific rigor. They report
that daily check-ins and screenshots for documentation merely increase the workload
(WJ815) and anticipate that mandatory promotion and application will not be forced
(FT31). Additionally, incentive measures lack sufficient practical effectiveness. 51.37% of
regions only encourage platform application through competitions, which are not linked to
professional development. Award certificates hold no substantive value for professional title

evaluation (FT41), representing a common pain point cited by teachers.

5.2 Pathways for Optimizing the Application of the SECPSE in Classrooms

To fully apply the SECPSE, it is recommended to deepen classroom application as the
core target. This requires constructing a collaborative content—tool-service—mechanism
framework to drive the transition from technology superposition to ecosystem reconstruction
in practical platform application (see Figure 5). The core concept of the four-dimensional
optimization framework lies in addressing the dilemma of superficial platform application
and stimulating long-term development momentum through structural optimization.
Driven by classroom application demands, interactions among content, tools, services,
and mechanisms through resource, data, value, and knowledge flows ultimately result in
ecological outputs, such as improved teaching quality, digital literacy development, and

enhanced educational equity.

s 2
Figure 5
Optimization Pathways for the SECPSE Based on Classroom Application Needs
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5.2.1 Optimizing Content Supply to Build a Precise Resource Ecosystem

The prerequisite for the precise provision of resources is their abundance and
comprehensiveness. To promote the construction of a resource ecosystem, the following
endeavors are required. First, it is imperative to establish a collaborative mechanism
incorporating provincial coordination and school-based development. It is conducive to

addressing platform limitations through the construction of regionalized featured resources,
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purposefully supplementing gaps in subject resources, such as labor education and mental
health, and expanding resource formats. Second, it is advisable to create crowdsourced
update channels and open submission portals for teachers, with expert reviews conducted
prior to inclusion. High-quality educational resources from society are aggregated to explore
market-oriented mechanisms for resource sharing. Project subsidies are recommended to
encourage cooperation between educational technology companies and schools for the joint
development of platform applications and educational resources tailored to local needs.
Third, it is crucial to clarify the standards and norms for resource sharing to facilitate the
efficient circulation of resources across regions and schools, thereby enhancing resource
reusability. For instance, a national-provincial platform resource mutual recognition
mechanism is recommended to integrate provincial featured resource databases through
unified metadata standards, achieving an integrated service experience of global presentation
with one search. It is advised to establish an automatic elimination warning mechanism,
where resources not updated for three years are marked as pending review to promote

resource iteration.

5.2.2  Upgrading Tool Functionalities to Enhance Teaching Adaptability

It is necessary to enhance the application of intelligent technology in resource retrieval and
resource services. Firstly, it is beneficial to implement the curriculum standard label initiative,
with mandatory requirements to label resources with applicable versions. An example may
include the 2022 new standard for mathematics. The introduction of mapping knowledge
domains will realize semantic association functions. For instance, entering the “area of a
triangle” automatically links to teaching concepts, such as area-preserving transformation and
the cut-and-paste method. It reduces resource search time and resolves the operational burden
of manual page-turning more than 20 times for teachers. By intelligently recommending
digital resources that match users’ learning needs, it will facilitate a transition from people
searching for resources to resources reaching people. Secondly, it is required to develop
smart educational tools, including subject-specific toolchains, such as mathematical symbol
recognition and semantic analysis of essays, to address challenges such as blackboard
digitalization and deep writing feedback. Supportive tools are provided for new teaching
models, such as AR sandbox modeling tools for inquiry-based teaching and cloud-based
collaborative whiteboards for cooperative learning. Based on GenAl and learning analytics
engines, a smart preparation—teaching—evaluation closed loop is established to dynamically
generate tiered exercises and intelligently review remaining difficulties. Tools are to be
deployed hierarchically based on regional network conditions. Specifically, offline Al teaching
assistants ensure basic application in rural schools, while multimodal interactive terminals

serve special education groups.
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5.2.3  Improving Service Support to Establish a Full-Coverage Guarantee System

A tiered training system is designed to precisely align with the differences in teachers’
competencies. A three-level training framework is utilized to bridge the gap between training
and practice, ensuring that teachers at all levels receive scenario-based support. First, basic
operational training is provided to assist teachers with limited digital literacy in mastering
platform tools. The training mainly focuses on utilizing tools for resource retrieval and
homework assignment, as exemplified by the Platform Literacy Program for rural teachers
implemented in Gansu Province.

Second, subject integration training aims to guide backbone teachers in subject innovation,
focusing on developing the architectural capacity for dual-teacher classrooms and facilitating
experience sharing through cross-school teaching and research communities. The training
primarily involves the design of dual-teacher classrooms and inquiry-based tasks, such as the
mathematics H5 tool workshop conducted in Tianjin.

Third, innovative application training empowers teaching and research leaders to develop
interdisciplinary curricula. The training encompasses data-driven teaching decision-making
and interdisciplinary curriculum development, such as the project-based learning supervisor
training in Chonggqing. To enhance training effectiveness, it is necessary to establish a closed-
loop training mechanism encompassing diagnosis, training, practice, and certification.
Furthermore, platform application practice communities may be established to reshape
teachers’ perceptions through activities, such as open classes, online lectures, and experience
exchanges. This approach serves to alleviate technological anxiety and the fear of the
digital divide, thereby fostering a collective psychological environment characterized by the

readiness and willingness to utilize technology.

5.2.4  Innovating Mechanism Development to Stimulate Momentum for Sustained Application

It is important for promotion mechanisms to transition from administrative mandates
to value-driven approaches. An emphasis can be put on enhancing teachers’ immediate
perception of the platform’s value, optimizing the pathways for transforming individual value
creation into organizational assets, and establishing convenient channels for the platform
to support teaching. Firstly, it is recommended to build a national repository of excellent
cases by selecting typical application cases of the SECPSE to produce contextualized micro-
videos. These will be disseminated through multiple channels, such as WeChat official
accounts of schools and parent groups, to create an integrated publicity matrix. Secondly, it is
advised to construct teacher incentive pathways. Specific measures include incorporating the
effectiveness of platform application into professional title evaluation criteria, with resource
contributions and the number of innovative cases serving as key metrics. Special performance
reward funds will be established, referencing the model in Lishui, Zhejiang Province, where
bonuses are distributed based on application results. Additionally, it is crucial to build a

teacher growth point system, featuring a bronze—silver—gold progression pathway that
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supports the exchange of points for high-end professional development qualifications. Third,
it is necessary to develop a supporting radar chart of teacher application competence. It will
generate personalized diagnostic reports across dimensions, such as resource application,
tool innovation, and data analysis, thereby assisting teachers in clarifying their personal

development paths.

6 Conclusions and Recommendations

6.1 Conclusions

Through a large-scale questionnaire survey, this study reveals that teachers’ application
of the SECPSE is characterized by the coexistence of high satisfaction and superficial
application. Specifically, while teachers generally demonstrate a high level of recognition
for the platform’s value (high satisfaction), the depth of classroom application exhibits
significant differentiation. Many application practices remain at the level of tool substitution
(superficial application). To gain an in-depth understanding of application differences,
typical cases of platform application are analyzed to identify three differentiated pathways
for classroom teaching. Firstly, the tool-enabled model integrates resources, tools,
and data for whole-process empowerment, with its effectiveness highly dependent on
teachers’ technological integration capabilities. Secondly, the dual-teacher model employs
a dual-track mechanism that combines online curricula by expert teachers and offline
personalized instructions, significantly addressing teacher shortages, particularly in rural
schools. Thirdly, the self-directed inquiry model constructs a teaching closed loop driven
by platform resources and process data, requiring teachers to possess advanced skills in
interpreting and transforming student learning data. Based on a grounded theory analysis
of teachers’ needs, this study constructs an optimization framework consisting of content,
tool, service, and mechanism needs. This framework is anchored in the internal logic of the
sustainable development of the educational ecosystem, providing a systematic reference for

platform optimization.

6.2 Recommendations

To deepen the application of the SECPSE, it is recommended to follow the logic of
reconstructing classroom teaching application paradigms, optimizing collaborative
frameworks, and building a digital educational ecosystem. Three major development
recommendations are proposed. Firstly, constructing new paradigms for classroom teaching
application. Teaching processes are to be reshaped through technology integration, with
data utilized throughout the learning process to achieve the integration of large-scale
education and personalized development. Core supporting elements include constructing
intelligent resource systems, deploying learning analysis tools, integrating interactive

technology systems, and establishing collaborative operating platforms. Secondly, it is
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imperative to enhance the collaborative effectiveness across the content, tools, services,
and mechanisms. Through deep coupling and dynamic adjustment, barriers between
elements will be dismantled and resource utilization efficiency will be improved. It is
important to prioritize innovative teaching activities, stimulate the motivation of teachers
and students, and strengthen resilience against technological iterations and policy changes.
Thirdly, an ecological path for the digital transformation of education is required to be
constructed. By leveraging the robust technological support of the SECPSE, intelligent
learning environments are established to facilitate data interoperability and precise resource
allocation. Through technological empowerment, stakeholder synergy, and institutional
innovation, education is propelled from the level of tool application toward profound
systemic transformation, thereby realizing the digital transformation of school education

and teaching.
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