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ABSTRACT

In the digital healthcare landscape, traditional data management approaches have become inadequate for hospital operations,
making hospital statistical information systems crucial for decision-making processes. This system has evolved through three
distinct phases: manual documentation, standalone digital systems, and business intelligence integration, each with unique
characteristics and limitations. The design process prioritized requirement analysis and architectural planning, where functional
specifications and performance benchmarks were clearly defined, complemented by a hybrid technical architecture and
optimized data structure. Leveraging diverse technological solutions and development tools, the system successfully addressed
challenges including data compatibility and operational stability. Functional and performance evaluations demonstrated the
system's effectiveness in achieving key metrics such as data accuracy and response speed. While practical implementation has
encountered data security and compatibility issues, these can be mitigated through technical and managerial strategies. This
system holds significant value for elevating hospital management standards.
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In today's digital healthcare landscape, hospital statistical information systems have become essential tools for
management decision-making, resource allocation, and medical quality assessment. With the exponential growth of
medical data, traditional static reports and fragmented data management approaches can no longer meet modern
hospitals' demands for efficient and precise information processing. By integrating various medical data and establishing
a unified data management platform, these systems provide hospital administrators with comprehensive real-time
operational insights, enabling scientific decision-making and refined management. Moreover, they play an irreplaceable
role in optimizing resource allocation, enhancing service efficiency, and ensuring patient safety. Therefore, developing
and implementing an efficient and reliable hospital statistical information system is not only a necessary requirement for
advancing medical informatization, but also a critical measure to elevate hospital management standards to new heights.

1 Development of hospital statistical information system

The evolution of hospital statistical information systems has progressed from basic data recording to sophisticated
information integration. In the early days, these systems primarily relied on manual documentation for registering and
archiving patient profiles and clinical data. While user-friendly, this approach suffered from data loss risks and inefficient
queries. With technological advancements, hospitals gradually adopted electronic management systems like Hospital
Information Systems (HIS), digitizing patient management, surgical operations, and inpatient care. However, most systems
operated in silos, lacking data interoperability and flexibility to meet management needs for comprehensive operational
insights. Recent developments in business intelligence have enabled hospitals to consolidate operational data, establish
centralized data centers, and build integrated analytical platforms. This phase demonstrates robust data integration
capabilities, delivering more efficient services for hospital management. Nevertheless, practical implementation still faces
challenges such as data security concerns and system compatibility issues.

2 System Design
2.1 Requirements Analysis
2.1.1 Functional Requirements

The design of hospital statistical information systems should prioritize meeting daily operational needs, encompassing
core functions such as data collection, storage, querying, and analysis. For data collection, the system must automatically
extract relevant information from various hospital departments and business systems to ensure comprehensive coverage
and accuracy. It should also support manual data entry to supplement missing information or correct anomalies in
exceptional cases. The storage function requires efficient database management capabilities, enabling categorized
storage of massive medical data with real-time updates and backups to prevent historical data from becoming obsolete
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due to data accumulation. Query functionality should integrate linear tree and dense tree methods to optimize search
efficiency, allowing users to quickly retrieve required information. Analysis capabilities must incorporate modern
statistical methods to provide multi-dimensional data support for hospital administrators, thereby assisting in decision-
making processes.

2.1.2 Performance Requirements

System performance is the cornerstone of ensuring efficient operation of hospital statistical information systems.
Therefore, during the design phase, clear requirements must be established for data processing speed, stability, and
security. First, in terms of data processing speed, the system must be capable of real-time handling of massive data
volumes, maintaining low response times even during peak hours to meet daily operational demands. Second, system
stability is critical. Redundant designs and technical measures such as server clusters and hot backup mechanisms should
be implemented to ensure uninterrupted operation during hardware failures or network disruptions. Finally, regarding
security, the system must employ technical safeguards like user permission management and data encryption to prevent
sensitive information leaks or tampering, while complying with national information security standards and regulatory
requirements.

2.2 Architecture Design
2.2.1 Technical Architecture

The selection of technical architecture directly impacts a system's scalability, maintainability, and user experience,
requiring careful design tailored to hospital needs. Currently, B/S architecture and C/S architecture are the two most
commonly used technical frameworks in hospital information systems. B/S architecture, with its cross-platform
compatibility and user-friendly client-side access, is ideal for statistical query and analysis modules serving all hospital
users, significantly reducing deployment and maintenance costs. Conversely, C/S architecture excels in data processing
performance and security, making it suitable for real-time data collection and storage modules. By combining the
strengths of both architectures, a hybrid model can be adopted: utilizing B/S architecture for flexible user interaction at
the frontend while employing C/S architecture at the backend to ensure efficient and secure data processing. This
approach fully leverages the technical advantages of each architectural style.

2.2.2 Data Architecture

The design of data architecture forms the foundation of hospital statistical information systems, encompassing three
key components: database design, data modeling, and data management strategies. For database design, the system
utilizes relational databases (e.g., Oracle or SQL Server) to store structured data while employing NoSQL databases for
unstructured data processing, thereby meeting diverse storage requirements. Data modeling adheres to the principles of
unified metrics and standardized statistical definitions to ensure data consistency and compliance. Additionally, the
system establishes a data center that employs ETL tools to cleanse, transform, and load data from various business
systems, creating a unified data view for subsequent queries and analysis. In terms of data management strategies, a
hierarchical approach is implemented where raw data, processed data, and analytical results are stored at distinct levels to
enhance data access efficiency and reduce storage costs.

3 System Implementation
3.1 Technical Means and Development Tools

The implementation of hospital statistical information systems relies on the coordinated application of various
technical means and development tools. In terms of technical architecture, the system adopts the Struts2 framework
based on the browser/server (B/S) model, which enables the separation of views and models to enhance system
decoupling, high reusability, and scalability. Specifically, the view component is implemented using JSP technology, while
the model consists of business components built with JavaBeans, and the controller is executed by Action classes.
Additionally, the backend database employs Oracle8i relational database to ensure efficient and reliable data storage.
During development, tools such as JSP, Java, and Oracle were extensively utilized to achieve cross-platform compatibility,
scalability, and reusability. Meanwhile, the reference literature proposes a design methodology for intelligent reporting
systems based on hospital operational data centers (CDC), utilizing CDC technology and ETL tools for data integration
across different information systems, while leveraging Hadoop platform for rapid computation and real-time queries. The
combination of these technical approaches provides robust support for developing hospital statistical information
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systems, while also meeting modern hospital management's demands for data processing and analysis.

3.2 Difficulties in the Implementation Process and Solutions

During the implementation of the hospital statistical information system, multiple technical challenges emerged, with
data compatibility and system stability being particularly critical issues. First, the hospital's multiple independent
information systems (such as HIS, LIS, PACS, etc.) often have inconsistent data formats and interface standards, making
data integration difficult. To address this, the system adopted ETL tools and CDC technology to clean, transform, and load
data sources, ensuring consistency and integrity during transmission and storage. Second, regarding system stability,
dynamic processing may introduce logical errors or data anomalies, such as contradictions in patient admission,
department transfers, and discharge records. To mitigate this, the system implemented rigorous logical validation
functions, including a hospital-wide daily dynamic logic verification module that checks key metrics like "logical
consistency of existing departmental patient numbers" and "balancing of inter-departmental transfers," enabling timely
detection and correction of potential errors. Additionally, to resolve imprecise medication inventory data, the reference
literature proposed a novel system design using an A/D conversion module to digitize analog signals, significantly
improving data accuracy. These measures effectively resolved technical challenges during implementation, establishing a
solid foundation for the system's stable operation and efficient performance.

4 System Testing and Evaluation
4.1 Testing Method

During the testing process of the hospital's statistical information system, functional testing and performance testing
are critical components to ensure system quality. Functional testing primarily focuses on verifying whether the system
operates as required by the requirements specification, including core functions such as data collection, storage,
querying, and analysis. To achieve this, we adopted the black-box testing method, designing multiple test cases to cover
all functional modules and conducting independent testing for each module to minimize error propagation risks.
Additionally, during the system integration phase, we performed integration testing to ensure proper data interaction
between modules and prevent data loss or errors caused by interface issues. Performance testing evaluates the system's
capabilities in data processing speed, stability, and security. We used stress testing tools to simulate high-concurrency
scenarios, monitoring system response times and resource usage while determining maximum capacity through load
testing. To ensure accuracy, all tests were conducted on experimental platforms simulating real-world environments, with
automated testing tools recording and analyzing data.

4.2 Testindicators and Evaluation Results

To comprehensively evaluate the effectiveness and reliability of the hospital statistical information system, we
conducted tests on multiple key metrics including data accuracy, response time, system stability, and security. Regarding
data accuracy, comparative analysis of system input and output data revealed an error rate maintained below 0.1%,
meeting design specifications. Response time tests demonstrated an average response time of 2 seconds under normal
conditions, with peak-hour delays not exceeding 5 seconds, satisfying users' real-time requirements. Stability testing
involved continuous operation for 72 hours without system crashes or anomalies, confirming robust performance.
Security assessments included specialized checks for data leakage and tampering risks, with the system successfully
resisting multiple simulated attacks through encryption and access control mechanisms. Comprehensive evaluation of
these test results concludes that the system achieves its intended objectives in functional implementation, performance,
and security assurance, providing hospitals with efficient and reliable statistical information services.

5 Practical Application Challenges and Coping Strategies
5.1 Data Security Challenges

In the practical application of hospital information systems, data security remains a critical concern. Given that these
systems handle sensitive information including patient privacy, medical records, and operational data, any data breach or
tampering could not only severely compromise patient rights but also lead to legal disputes and damage the hospital's
reputation. Moreover, with the rapid advancement of information technology, hacker attacks have become increasingly
sophisticated, rendering traditional security measures inadequate. For instance, unauthorized data access, malware
intrusions, and human errors by staff may all jeopardize data integrity. Therefore, during system design, comprehensive
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security mechanisms such as data encryption, permission management, and log auditing must be implemented to
ensure information security during transmission and storage.

5.2 System Compatibility Challenges

Hospital statistical information systems typically require integration with other information systems (such as HIS, LIS,
PACS, etc.) to enable data sharing and collaborative workflows. However, architectural differences, inconsistent data
formats, and incompatible interface standards between systems can significantly increase integration challenges. For
instance, legacy systems using outdated technical frameworks may fail to communicate directly with modern systems,
while newly developed systems lacking standardized designs may struggle to seamlessly integrate with existing modules.
These compatibility issues not only hinder data flow efficiency but also create information silos, ultimately compromising
the overall effectiveness of statistical information systems. Therefore, achieving efficient integration while maintaining
subsystem independence has become a critical challenge in hospital informatization development.

5.3 Response Strategies

To address these challenges, corresponding strategies can be developed from both technical and managerial
perspectives. On the technical front, priority should be given to enhancing data encryption technologies. This involves
implementing SSL/TLS protocols for network data transmission encryption and employing algorithms like AES to protect
static data, thereby preventing unauthorized access. Furthermore, adopting unified compatibility standards such as HL7
and DICOM international protocols is recommended to facilitate interoperability between different systems. Additionally,
leveraging middleware technology to build flexible system architectures can reduce module coupling and improve
scalability. On the managerial side, establishing robust information security management systems is essential, including
regular security training, risk assessments, and emergency response mechanisms to swiftly address potential threats. By
comprehensively applying these strategies, we can effectively mitigate challenges related to data security and system
compatibility, ensuring stable operation of hospital statistical information systems.

6 Conclusion

The hospital statistical information system serves as a vital tool for advancing medical informatization and enhancing
hospital management efficiency. Its development focuses on data integration and efficient utilization. Through clearly
defined functional requirements and the adoption of hybrid technical architectures with scientific data frameworks, the
system establishes a solid foundation for optimal operation. During implementation, diverse technical solutions were
employed to address challenges, ensuring successful deployment of system functionalities. Test results demonstrate the
system meets standards in data accuracy, response time, stability, and security, delivering efficient and reliable statistical
information services. While practical applications face data security and system compatibility challenges, these issues can
be effectively mitigated through technical and managerial strategies. Overall, this system fulfills modern hospitals'
demands for efficient and precise information processing, providing robust support for management decision-making,
resource allocation, and medical quality assessment. It holds significant value for the sustainable development of
healthcare institutions.

About the Author

Huimin Cui, bachelor's degree, senior statistician, research direction: hospital statistics.

References

[1] Song Huizhi, Zheng Jinyu, Gao Yan. The Effect of Data Quality Control in the Clinical Case Management Information System on Hospital
Clinical Case Management [J]. China Health Industry, 2025,22 (01):160-163.

[2] LG Yongtao, She Xiaodong, Zhang Jiumei, Li Ning. Development and Application of the Closed-Loop Management System for Critical Values in
the Medical Imaging Center [J]. Medical Equipment, 2023,36(10):11-14+18.

[3] Shen Lihua, Yang Jing. The Application Effect of Data Quality Control in the Clinical Case Management Information System in Hospital Clinical
Case Management [J]. China Contemporary Medicine, 2022,29(27):145-148.



