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Abstract: With the continuous advancement of the digital transformation of education and the increasing scale of the smart 

education platform system at all levels and across regions, how to achieve efficient operation monitoring to support the 

construction of the education big data system has become a key topic to promote the modernization of education. In order to 

address this challenge, this paper first summarizes the development trend of the smart education platform system and the 

current status of its operation monitoring. Subsequently, the monitoring agent mechanism and data collection model were 

proposed, a monitoring framework suitable for the smart education platform was constructed, and the corresponding operation 

monitoring process was clarified. Furthermore, a set of technical architecture including "multi-dimensional cross-structure" 

was designed to support the dynamic operation monitoring of the platform system. Finally, the analysis and application path 

based on the monitoring data of the platform are discussed. This paper conducts research from multiple levels such as system 

architecture, data model and technical implementation, aiming to provide reference and technical support for relevant 

institutions to build an education platform monitoring system and explore data-driven educational innovation applications.  
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1 INTRODUCTION 

At present, the global wave of digitalization is 

accelerating, profoundly reshaping the operational models of 

society and driving deep transformations across all sectors—

including the education field, which is now facing 

unprecedented pressures and opportunities for development. 

Many international organizations and national governments 

have identified the advancement of digital education as a core 

strategic objective, aiming to enhance the flexibility, 

accessibility, and intelligence of educational systems through 

the application of emerging technologies. 

In this context, building a unified and efficient digital 

infrastructure for education has emerged as a pivotal 

challenge. Governments around the world are continuously 

strengthening their investments in educational technologies, 

policy formulation, resource integration, and international 

cooperation, advancing digital education strategies from 

conceptual advocacy to systemic implementation. For 

instance, an increasing number of regions are establishing 

national or regional education big data centers, which serve 

as hubs for resource sharing, platforms for public service 

integration, and critical nodes for data governance and 

evaluation. 

Aligned with the practical development needs of smart 

education platforms, this study concentrates on the core 

functional positioning of education big data centers and 

specifically targets the key aspect of operational status 

monitoring. By deploying intelligent monitoring agents and 

establishing robust data collection mechanisms, the system 

achieves comprehensive integration and analysis of both 

static and dynamic data generated during platform operations. 

This not only supports educational and instructional activities 

but also provides critical data-driven foundations for 

modernizing educational governance capabilities, thereby 

continuously advancing the deep evolution of digital 

education systems. 

Moreover, considering the foundational importance of 

high-quality data input in such digital infrastructures, the 

study draws on insights from Hu, Niu, and Tang (2021), who 

emphasized the value of integrating lexical and semantic 

domain features during the preprocessing stage. Their 

approach to fault text data processing in complex systems 

offers important methodological guidance for ensuring that 

upstream data handling maintains both precision and 

interpretability—principles equally applicable to the 

educational domain, where accurate data preprocessing is 

essential for reliable analysis and intelligent decision-making 

[1]. 
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2 OVERVIEW OF THE SMART 

EDUCATION PLATFORM SYSTEM 

Although the construction of the smart education 

platform system has achieved initial results, it still faces many 

challenges at the level of operation monitoring, which are 

mainly reflected in the following aspects: Since the platform 

system is composed of multiple sources, architectures and 

construction subjects, there are significant differences in 

deployment mode, technical standards and management 

methods of different platforms. The existing system includes 

a number of national education platform portals, sub-

platforms of different stages and functions, and multiple 

social online learning platforms[2]. The data collection 

mechanisms and storage strategies of these platforms are 

different, resulting in scattered data, inconsistent interfaces, 

and high information barriers, making it difficult to achieve 

efficient monitoring data integration and sharing.  The 

platform covers a wide range of data types, including 

structured data (such as user basic information, evaluation 

indicators, etc.), semi-structured data (course metadata, 

service items, etc.), and a large amount of unstructured data 

(text, audio and video, images, etc.)[3-5]. While data 

diversity provides a richer dimension to analysis, it also 

greatly increases the difficulty of data standardization and 

fusion processing. Differences in the standards used to collect 

data across platforms lead to significant resource 

consumption in harmonizing field and metric definitions, 

making it difficult to ensure data quality and comparability. 

 Traditional operation monitoring methods mostly rely on 

basic data such as the number of visits and activity reported 

by various platforms, and can only present a rough usage. 

This kind of single monitoring method lacks in-depth insight 

into user behavior, and it is difficult to reflect the personalized 

learning path of students, the characteristics of teachers' 

teaching behavior, or the actual effectiveness of platform 

services. At the same time, the instability of the data 

collection link may also affect the integrity and timeliness of 

the data, limiting the accurate grasp of the platform's 

operating status and the continuous optimization of data[6-7]. 

3 RUN THE CONSTRUCTION OF 

THE MONITORING MODEL 

With the continuous advancement of the education 

digitalization strategy, the smart education platform system 

has gradually evolved into a composite system covering 

multiple levels, multiple service forms and multiple data 

structures. In this process, the operational efficiency, user 

experience, and service responsiveness of the platform 

become key indicators to evaluate the quality of its 

development. However, the diversity and complexity of the 

current smart education platform also make it difficult to 

systematically monitor and understand its operating status. 

The inconsistency of technical architectures between 

platforms, the non-uniformity of data standards, and the wide 

range of service objects have all posed new challenges to the 

construction of the operation monitoring system. Based on 

this background, the construction of a scientific, flexible and 

scalable operation monitoring model has become the basic 

task to promote the high-quality development of the smart 

education platform[8]. 

In order to improve the visualization and evaluation 

ability of the platform operation status, this study proposes to 

introduce the "monitoring messenger" mechanism as a bridge 

to realize the information exchange between the platform and 

the monitoring system. In this study, the term "messenger" 

was originally used as a medium to convey information, but 

in this study, it is redefined as a logical component of 

information transmission and behavior collection, which is 

specifically used to perceive, collect and transmit various 

types of data generated during the operation of the platform. 

Through this mechanism, the operation monitoring system 

can realize the active perception and immediate response of 

the platform behavior, and provide the necessary data basis 

for subsequent data analysis, behavior modeling and 

intelligent feedback. 

In the implementation process, the mechanism relies on 

lightweight technical components embedded in the smart 

education platform system, which are configured on key 

nodes such as user access paths, resource loading modules 

and data sharing interfaces, and can complete the real-time 

recording of user behavior tracks, platform service status and 

system interaction events without affecting the performance 

of the platform. Through the continuous monitoring of user 

identity information, platform access behavior, resource use 

process and interactive feedback, the platform can form a set 

of dynamically updated operation portraits. This portrait not 

only describes the use of the platform in a given period of 

time, but also reveals its comprehensive performance in terms 

of user habits, service matching efficiency, and system 

operation security[9-10]. 

In addition, on the basis of the monitoring mechanism, 

this paper constructs a data collection model that is highly 

adaptable. The model models around the core objects and key 

behavioral events in the operation of the platform to ensure 

the systematic, coherent and scalable data collection. 

Specifically, the model design adheres to the principle of 

"minimum necessary collection", and strives to capture the 

most critical information content through the fewest data 

fields to avoid information redundancy and waste of system 

resources. The model covers multiple dimensions such as 

platform structure, access behavior, resource directory, 

content use, user identity, interactive feedback, and system 

security, aiming to achieve a comprehensive and multi-angle 

description of the operating environment. 

At the level of platform structure, the model provides a 

basic reference for subsequent data classification and 

behavior positioning by collecting the mapping relationship 

between the platform page structure and functional modules. 

At the level of user behavior, the model focuses on the user's 
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behavioral characteristics such as access path, dwell time, and 

operation sequence in the platform, so as to reveal the user's 

preferences and behavior patterns. At the resource usage level, 

the model provides a basis for the content recommendation 

mechanism and resource scheduling strategy by monitoring 

the playback behavior, loading frequency and reuse rate of 

resources. At the interaction level, the user's feedback 

behavior, including content ratings, comments, favorites and 

sharing, etc., is recorded to evaluate the quality of resources 

and user satisfaction. In terms of security assurance, the 

model integrates monitoring indicators for network 

anomalies, malicious attacks, and abnormal data traffic, 

building the first line of defense for the stable operation of the 

platform[11]. 

It is worth emphasizing that the model is not designed 

only for monitoring, and its deeper goal is to drive the 

continuous optimization of the service capabilities of the 

education platform through monitoring the collected data. In 

long-term operation, the operation monitoring system can 

form a comprehensive evaluation index system on platform 

efficiency, resource adaptability, user satisfaction and system 

load capacity. This system can not only serve the iterative 

upgrading of the platform itself, but also provide quantitative 

reference for education managers to assist them in making 

more scientific decisions in terms of resource allocation, 

content optimization, and policy regulation. 

To sum up, by building an operation monitoring model 

with highly integrated and agile response capabilities, the 

smart education platform system can realize the 

transformation from passive supervision to active regulation, 

and from static display to dynamic optimization. This model 

not only improves the manageability and maintainability of 

the platform at the technical level, but also provides data 

support at the level of education governance, which is 

expected to lay a solid foundation for the intelligent evolution 

of the future education digital system[12]. 

4 OPTIMIZATION OF THE 

OPERATION MONITORING 

PROCESS 

In the process of building a monitoring system for the 

operation of the smart education platform, how to realize the 

efficient coordination and system governance of the 

monitoring mechanism driven by data has become one of the 

key technical links. To this end, based on the design concept 

of "data-centric", this paper proposes a complete set of 

operation monitoring processes, covering five core stages: 

indicator system construction, data collection specifications, 

data governance strategies, feedback mechanism construction 

and data application scenario integration, and strives to build 

a closed-loop and intelligent monitoring ecosystem, so as to 

achieve the goals of platform self-perception, self-evaluation 

and self-optimization. 

First of all, the construction of a scientific monitoring 

index system is the starting point of the entire monitoring 

process. The design of the indicator system should be able to 

comprehensively and objectively reflect the status and change 

trend of the education platform in the process of operation, 

and provide a quantitative basis for horizontal comparison 

and longitudinal evaluation between the platforms. The 

indicator framework should be developed from the multi-

dimensional perspectives of platform structure performance, 

service quality and user behavior feedback. At the platform 

level, focus on its functional integrity, technical response 

speed and safe operation ability; At the business level, key 

data indicators such as resource supply, service usage 

frequency, and user evaluation distribution should be 

included, which can not only quantify the content 

contribution of the platform, but also reflect user satisfaction 

and usage stickiness. At the user level, it focuses on 

evaluating the geographical distribution of users, login 

frequency, active time period, and user loyalty, etc., and then 

depicts user portraits to provide basic support for 

personalized service optimization[13-16]. 

𝐼 = 𝑤𝑝𝐼𝑝 +𝑤𝑠𝐼𝑠 +𝑤𝑢𝐼𝑢, 𝑤ℎ𝑒𝑟𝑒 𝑤𝑝 +𝑤𝑠 +𝑤𝑢 = 1 

Secondly, the construction of the data collection 

mechanism must realize the dual capture of the static 

structure and dynamic behavior of the platform. Static data is 

usually relatively stable, including the platform page 

structure, resource directory, user basic information, etc., 

which is the basic description of the platform's operation logic. 

Dynamic data has the characteristics of real-time and high-

frequency updates, such as user access behavior, resource 

playback behavior, interactive feedback information and 

network operation security, etc., which can reflect the activity 

and change trend of platform operation in real time. In order 

to ensure the systematization and standardization of data 

collection, it is necessary to formulate a unified data 

collection standard and implement it through various 

technical means such as interface services, database exchange, 

and front-end script embedding. At the same time, the 

accurate positioning of data sources with the help of platform 

unique identifiers can improve the traceability and clarity of 

data attribution, thereby enhancing the feasibility and security 

of cross-platform data fusion[17-20]. 

Third, in the face of massive data from multiple sources 

and heterogeneous sources, data fusion governance has 

become a core step to improve data quality. In the specific 

operation process, it is necessary to realize the 

standardization and structured management of the collected 

data through a multi-link data processing process. The first is 

data verification, which verifies the legitimacy of user 

identity and platform structure through comparison with 

authoritative databases (such as educational institution 

databases, population information databases, etc.) to ensure 

the credibility of data sources. The second is data matching, 

which realizes the logical mapping of static and dynamic data 

through the association between platform identity and user 

identity, and opens up a channel for data fusion; Finally, data 
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cleaning uses a series of technical rules to eliminate 

redundant values, outliers and missing values, improve the 

integrity, consistency and timeliness of data, and provide a 

reliable basis for subsequent analysis. This governance 

process not only improves data quality, but also helps to 

establish a data management mechanism for the whole life 

cycle. 

∀𝑒 ∈ 𝐸, 𝑣𝑎𝑙𝑖𝑑(𝑒) ⇔ ∃𝑎 ∈ 𝐴, 𝑒 ≡ 𝑎 

 

FIG. 1 GRAPH CONVOLUTIONAL RECOMMENDATION 

ENGINE BASED ON IMPLICIT MULTI-BEHAVIOR AND 

KNOWLEDGE 

On the basis of data governance, building an efficient 

data feedback mechanism is the key to realize the application 

of data circulation. The monitoring system needs to organize 

and store the data that has been governed and classified 

according to topics, and form a well-structured thematic 

database such as an indicator library, a platform library, a 

service library, and a resource library, so as to provide basic 

data support for education management and platform self-

assessment. Data feedback should not only stay in the result 

presentation stage, but should be sent back to the data source 

platform in a timely manner through the data sharing interface, 

so that the platform can carry out function optimization and 

service adjustment based on the feedback results. By 

deploying visual analysis tools, each access platform can 

quickly grasp the operating status, identify potential problems, 

and propose improvement plans. At the same time, the 

monitoring system needs to strengthen de-identification 

processing in the process of data transmission and use, ensure 

user privacy and institutional data security, and create 

prerequisites for linkage analysis and sharing and comparison 

between multiple platforms[21]. 

Finally, operation monitoring data should be actively 

integrated into education application scenarios to further 

release its potential value in supporting education decision-

making and service optimization. With the continuous 

expansion of data scale and the accumulation of historical 

data, operation monitoring data can be used in a variety of 

educational digital applications. For example, at the student 

learning level, learning rhythm and interest preferences can 

be analyzed based on behavioral data, and learning resources 

can be accurately recommended. At the teaching level, with 

the help of student learning feedback data, teachers can be 

assisted in adjusting teaching strategies to achieve 

personalized teaching. At the school management level, the 

platform uses behavioral data to evaluate the curriculum 

effect and the rationality of resource allocation, and optimizes 

the school governance process. At the level of educational 

research, operational monitoring data can provide multi-

dimensional data support for academic researchers, and 

promote the cross-integration of educational theory research 

and practical paths. At the policy level, education managers 

can rely on operational data to dynamically grasp key 

information such as resource distribution, teaching activities, 

and user behavior, so as to provide a quantitative basis for the 

allocation of educational resources, development strategies, 

and governance mechanisms. 

To sum up, optimizing the operation monitoring process 

is not only a technical path to improve the operation 

efficiency of the smart education platform, but also a basic 

support to promote the sustainable development of the 

education digital system. Through the establishment of a 

complete monitoring closed loop, from data collection, 

integrated governance to data feedback and in-depth 

application, the platform can realize an intelligent and 

adaptive development path, and further promote the evolution 

of the education system in the direction of intelligent 

governance and precise services[22]. 

5 OPERATIONAL MONITORING 

SYSTEM DESIGN 

In order to realize the efficient operation monitoring and 

continuous evolution of the smart education platform system, 

it is very important to build a monitoring system architecture 

with advanced technology, reasonable structure and 

sustainable development. Based on the comprehensive 

analysis of the current trend of international education digital 

reform and the experience of platform system engineering, 

this paper draws on the design principles of multi-domain 

digital architecture, and proposes a comprehensive operation 

monitoring system architecture model including horizontal 

support system, vertical governance mechanism and front-

end and back-end collaborative linkage, which is used to 

guide the technical deployment and operation support of the 

smart education platform. 

Based on the basic idea of multi-dimensional integration, 

the architecture model designs a structural framework of 

"four horizontal, four vertical and two ends": the horizontal 

architecture focuses on the basic technology and data 

resource support required for the operation of the platform, 

the vertical system emphasizes the guarantee role of policies, 

systems and operation specifications, and the double-end 

structure is oriented to the application operation and 

management decision-making needs of the system to ensure 

the monitoring ability of the whole chain from operation to 
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governance of the platform[23-25]. 

In the horizontal dimension, the first is the infrastructure 

layer, which forms the foundation of the platform's technical 

operation. It usually includes a cloud computing platform and 

a high-speed private network system built for the education 

industry, which supports large-scale computing resource 

scheduling, distributed storage, and interconnection between 

platforms, ensures the stability and elasticity of data flow, and 

adapts to the growing monitoring data flow. Secondly, the 

data resource layer is responsible for the collection, 

aggregation, and governance of various types of data in the 

operation process. This system is based on an efficient data 

pipeline and realizes real-time collection of infrastructure 

operation logs, user interaction information, resource call 

records, service request data and security events through 

multi-source data interfaces. After the data is preprocessed, it 

is organized and stored according to the dimensions of 

platform resources, service usage, system behavior, and user 

portraits, and multiple thematic datasets are constructed to 

serve subsequent analysis and decision-making. 

The common support layer provides the common 

components and capabilities required for system operation, 

including authentication, permission control, process engine, 

visual analysis tools, algorithm model services, etc. This layer 

realizes the reuse and standardization of various functions to 

ensure the consistency of data analysis and indicator 

extraction of all participating systems. The business 

application layer provides specific operation interfaces and 

functional support for different types of users, such as 

monitoring data management, access platform joint 

commissioning, data sharing management, indicator 

configuration and report generation, etc., providing a 

complete closed-loop operation for technicians and managers. 

In vertical systems, policy and institutional frameworks 

provide legitimacy and sustainability support for system 

building. The operation monitoring system must comply with 

relevant local laws and regulations, respect user privacy and 

information use norms in the process of data collection, 

processing and application, and establish a supporting 

management system to ensure the transparency, 

standardization and accountability mechanism of system 

operation. The standard specification system provides a 

unified interface definition and data format convention for the 

technical implementation of the system, clarifies the 

transmission protocol, security standards and processing 

specifications of the monitoring data, and ensures that the 

data from different platforms can be integrated and 

interoperable. 

The organizational assurance mechanism emphasizes 

the systematic construction of the operation and maintenance 

system, including the collaborative workflow between the 

technical support team, the data governance team and the 

manager. The mechanism must ensure that the operation 

monitoring tasks of all access platforms are clearly divided 

and responsibilities are clear, and at the same time provide a 

training mechanism to improve the technical ability and 

system operation proficiency of personnel. In addition, the 

network security system runs through the system design to 

ensure the security of data circulation and storage on the 

platform. The system should adopt multiple protection 

mechanisms, including access control, intrusion detection, 

data encryption, and early warning of abnormal behavior, 

combined with dynamic risk assessment methods, to build a 

security-centric operating environment. 

In terms of double-end design, the front-end working 

system provides an entrance for the daily operation and 

maintenance and monitoring operations of the platform, 

integrates identity management, access control and functional 

navigation, and supports various technical and management 

roles to manage the whole process of access process, data 

status and system health indicators. The back-end governance 

system focuses on data-driven decision support, and provides 

managers with real-time insight into core indicators such as 

platform operation situation, user behavior characteristics, 

and resource allocation efficiency by building comprehensive 

visualization panels, trend analysis reports, and thematic 

evaluation modules, and assists in policy optimization and 

platform planning[26]. 

In summary, the architecture integrates the three 

dimensions of technical support, institutional norms and 

application requirements, and strives to realize the intelligent 

management of the whole process of operation and 

monitoring of the smart education platform on the basis of 

ensuring data quality and system stability, and provides a 

feasible technical path and organizational support for the 

digital transformation and governance innovation of the 

future education system. 

 
FIG. 2 THE TECHNICAL ARCHITECTURE OF THE 

OPERATION MONITORING SYSTEM OF THE SMART 

EDUCATION PLATFORM SYSTEM. 

6 OPERATIONAL MONITORING 

DATA IN PRACTICE 
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6.1 INTELLIGENT IMPROVEMENT OF PLATFORM 

OPERATION EFFICIENCY 

The data collected by the operation monitoring system 

has significant spatiotemporal distribution characteristics, 

which provides conditional support for understanding the 

performance of the platform in different user groups and 

different use time periods. Through in-depth analysis of core 

data such as user access tracks, page response times, and 

system load status, the platform can dynamically assess its 

infrastructure operating environment and accurately identify 

performance bottlenecks. For example, when the system load 

is too high or the response delay increases, the real-time alert 

mechanism can be used to quickly adjust the resource 

scheduling strategy to avoid platform service interruption. 

In addition, through the predictive analytics model, the 

platform can predict the peak period of the business and 

complete the resource reservation and load balancing 

deployment in advance, thereby improving the efficiency of 

cloud computing resources. The detailed depiction of user 

behavior path by the monitoring data also provides an 

important feedback basis for the iteration of interface design 

and interaction process, so that the platform can better fit the 

user's operation habits for interface optimization. This data-

driven interface upgrade not only improves the user 

experience, but also enhances the stickiness and activity of 

the platform, helping to build a more stable and efficient 

smart education ecosystem[27]. 

6.2 STRUCTURAL OPTIMIZATION OF THE SUPPLY 

OF DIGITAL EDUCATION RESOURCES 

In the context of the continuous expansion of digital 

education resources, how to accurately match the needs of 

users has become the key to the content operation of the 

platform. The value of the operation monitoring system in 

this regard is reflected in its ability to track the fine-grained 

behavior of resource use. Through the aggregation and 

analysis of data such as resource access frequency, playback 

duration, user ratings, and interactive behaviors, the platform 

can identify the structural differences between high-

frequency content and marginalized resources, so as to 

optimize the resource layout[28]. 

In addition, the system supports horizontal statistics on 

resource design, update frequency, user characteristics, etc., 

to assist education platform managers to identify key areas 

and weak links in content development. Combined with 

natural language processing and graph algorithms, the 

platform can also automatically update the label system and 

content classification logic based on user behavior data, 

improve the accuracy of resource retrieval and 

recommendation, and better support the construction of 

personalized learning paths and interdisciplinary learning 

needs. In this process, the deep integration of artificial 

intelligence technology and operation monitoring data has 

injected a new intelligent engine into the allocation mode of 

educational resources[29-30]. 

6.3 INNOVATIVE EXPLORATION OF EDUCATION 

AND TEACHING EVALUATION MODELS 

The traditional education evaluation model mostly 

relies on periodic assessment and subjective feedback, which 

is difficult to fully reflect the dynamic changes in the teaching 

process. The continuous collection mechanism based on 

operation monitoring data effectively makes up for this 

limitation. Since the relevant data is automatically generated 

during the actual operation of the platform, it is not easy to be 

interfered with by humans, so it is more objective and stable. 

Based on these data, platform managers and educational 

researchers can build an evaluation index system covering the 

dimensions of resource supply, user participation, teaching 

interaction, and learning feedback. 

At the same time, the operation monitoring system is 

equipped with visual analysis tools and data modeling 

capabilities, so that the competent departments or users of the 

education platform can flexibly configure the evaluation 

model according to specific needs, and generate multi-

dimensional analysis reports for teachers, students, schools 

and even at the regional level. These reports not only support 

the quantitative evaluation of teaching effectiveness, but also 

provide solid data support for resource investment decision-

making, teaching process design and teacher development 

strategies. More importantly, this data-based multi-agent 

evaluation method improves the transparency and feedback 

efficiency of teaching activities, and promotes the internal 

motivation of all participants to form collaborative 

optimization and continuous improvement in the teaching 

ecology. 

7 SUMMARY AND OUTLOOK 

With the deepening of global education digitalization, 

the operation monitoring system of the smart education 

platform is becoming the key to ensuring the stability of the 

platform and promoting teaching innovation and data 

governance. In the face of the challenges of system 

heterogeneity, diverse data and limitations of traditional 

monitoring, this study proposes a theoretical framework and 

technical path for operation monitoring, from model 

construction, process optimization to technical architecture 

design, and explores the application of monitoring data in 

improving efficiency, optimizing resources and innovating 

teaching evaluation. However, the completeness and 

timeliness of data collection still need to be improved, and the 

research on dynamic analysis and personalized feedback is 

still shallow. In the future, it is necessary to deepen the 

integration of AI technology, build intelligent behavior 

analysis models, promote the reform of evaluation 

mechanisms, and realize intelligent and scientific governance 

of education platforms. 
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