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Abstract: This report presents a proposed data warehousing solution for NHS England to improve healthcare data integration and support strategic decision-making. The report explains the differences between Online Transaction Processing (OLTP) systems and data warehouses and describes how data from multiple operational systems can be integrated through an Extract, Transform and Load (ETL) process. A suitable data warehouse architecture, dimensional modelling approach, star schemas and subject-oriented data marts are proposed to support business intelligence and organisational reporting. The report also identifies the main data sources, outlines an ETL implementation plan and discusses data quality and governance requirements. The proposed solution provides NHS England with a secure, scalable and reliable analytical environment to improve reporting, resource management and evidence-based healthcare planning.
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[bookmark: _Toc234357153]1.0 Introduction
Healthcare organisations generate large volumes of patient, clinical, operational, workforce and financial data every day. Managing this information effectively is essential for improving patient care, operational efficiency and strategic decision-making [1]. NHS England collects data from hospitals, community healthcare providers, specialist services and Integrated Care Systems (ICSs). However, these systems operate independently, creating data silos that limit organisation-wide reporting and analysis [2].
A data warehouse provides a central repository that integrates data from multiple operational systems into a consistent and reliable source of information [3]. This supports business intelligence, performance monitoring and evidence-based decision-making across NHS England [1], [4]. This report evaluates the role of data warehousing within NHS England by comparing Online Transaction Processing (OLTP) systems with data warehouses, proposing an enterprise data warehouse architecture, designing dimensional models and star schemas, and presenting an implementation plan supported by data governance and ETL processes.

[bookmark: _Toc234357154]1.1 Comparison of OLTP Systems and Data Warehouses within NHS England

Understanding the differences between Online Transaction Processing (OLTP) systems and data warehouses is important when designing an effective information management solution for NHS England. Although both technologies manage organisational data, they support different functions and work together to improve healthcare services [5], [6].
Online Transaction Processing (OLTP) systems support daily healthcare activities by recording transactions such as patient admissions, appointment scheduling, clinical treatments and financial records. These systems process large numbers of transactions quickly and accurately, ensuring that healthcare professionals have access to reliable operational information [6].
In contrast, a data warehouse stores integrated historical data collected from multiple operational systems. The information is organised for reporting, trend analysis and business intelligence rather than daily transaction processing [5], [7]. Managers can analyse long-term performance, identify service trends and support evidence-based planning using consistent organisational data.

[image: ]
Figure 1. Table 1 compares the main characteristics of OLTP systems and data warehouses.

Table 1 compares the main characteristics of OLTP systems and data warehouses. It shows that OLTP systems support daily healthcare operations, while data warehouses support reporting, analysis and strategic decision-making.
Although OLTP systems and data warehouses perform different functions, they complement each other within NHS England. OLTP systems provide accurate operational data, while the data warehouse transforms this information into meaningful insights that support organisational planning, resource management and strategic decision-making [5], [7].
[bookmark: _Toc234357155]1.2 Data Warehouse Architecture and ETL Process
The proposed data warehouse architecture enables NHS England to integrate data from multiple operational systems into a central repository for analysis and reporting. Unlike operational systems that support daily healthcare activities, the data warehouse stores integrated historical information to support business intelligence and strategic decision-making [5],[8].
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Figure 2. Proposed NHS England Data Warehouse Architecture.
 
Figure 1 illustrates how patient, clinical, workforce and financial data are collected from operational systems and transferred to the enterprise data warehouse through the ETL process. The integrated data are then organised into subject-oriented data marts, providing managers with reliable information for reporting, performance monitoring and healthcare planning [9], [11].
The proposed architecture separates operational processing from analytical reporting, allowing healthcare services to continue without interruption while supporting organisation-wide analysis. By integrating information from multiple NHS systems into a single repository, the data warehouse improves data consistency, reduces information silos and provides a reliable foundation for strategic planning and evidence-based decision-making [5], [8].
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Figure 3 . Extract, Transform and Load (ETL) Process.
Figure 2 illustrates the ETL process used to transfer operational data from multiple NHS systems into the proposed data warehouse.
The ETL process extracts data from multiple NHS operational systems, including patient, clinical, workforce and financial systems, before transferring them to the enterprise data warehouse. During the transformation stage, the data are validated, cleansed, standardised and checked for duplicate or incomplete records to improve quality and consistency. The processed data are then loaded into the data warehouse to support reporting and analysis [8], [10]. Running the ETL process independently from operational systems helps protect daily healthcare services while ensuring that analytical information remains accurate, reliable and up to date for organisational decision-making [9], [10].  
[bookmark: _Toc234357156]1.3 Data Marts for Management Decision-Making
After integrating data into the enterprise data warehouse, NHS England can organise information into subject-oriented data marts to support departmental reporting and decision-making. Each data mart contains data for a specific business area, allowing managers to access relevant information quickly without searching the entire data warehouse. This approach improves reporting efficiency, supports faster analysis and enables different departments to monitor performance using consistent and reliable information [5], [9].
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Figure 4.Proposed NHS England Data Mart Architecture.
Figure 3 illustrates how the enterprise data warehouse distributes integrated information to departmental data marts, allowing different management teams to analyse information relevant to their responsibilities.
The proposed solution includes three data marts. The Finance Data Mart supports budgeting, expenditure monitoring and financial performance analysis. The Operations Data Mart provides information on admissions, waiting times, bed occupancy and resource utilisation to support operational planning. The Clinical Data Mart contains treatment outcomes, patient safety indicators and quality measures to support clinical performance evaluation and continuous service improvement.
Organising information into separate data marts improves analytical performance by reducing query complexity and providing managers with timely, relevant information. This enables NHS England to produce accurate reports and support evidence-based decision-making across the organisation [5], [9].
[bookmark: _Toc234357157]1.4 OLTP Normalisation and Dimensional Modelling
Operational databases and data warehouses organise information differently because they support different organisational requirements. NHS England uses normalised OLTP databases to process daily healthcare activities, while the proposed data warehouse uses dimensional modelling to improve reporting and business intelligence [5], [6].
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Figure 5.NHS England Star Schema for the Proposed Data Warehouse.
Figure 4 illustrates the proposed Star Schema, where a central fact table is linked to multiple dimension tables to support efficient analytical queries and performance reporting.
Normalised OLTP databases divide information into related tables to reduce data duplication and maintain data integrity. This structure is suitable for processing high volumes of daily transactions, including patient admissions, appointments and financial records [6].
In contrast, dimensional modelling organises data into a central fact table surrounded by dimension tables. This design simplifies analytical queries and enables managers to evaluate healthcare performance by patient, hospital, treatment, diagnosis and time [5], [7]. Compared with highly normalised operational databases, the Star Schema improves reporting performance and provides a flexible structure for business intelligence and strategic decision-making.



[bookmark: _Toc234357158]TASK – 2
[bookmark: _Toc234357159]2.0 Introduction
Following approval of the proposed data warehouse initiative, NHS England requires a structured implementation plan to transform the proposed design into a practical solution. The implementation should ensure that data from multiple operational systems are integrated into a secure and reliable enterprise data warehouse using dimensional modelling, subject-oriented data marts and an automated ETL process [5], [8]. A well-planned implementation improves data consistency, supports reliable reporting and provides managers with accurate information for operational and strategic decision-making. The following sections identify the required internal and external data sources, present the proposed star schema design, describe the departmental data marts, outline the ETL process and discuss the data quality and governance measures required to support effective and secure warehouse operations.
[bookmark: _Toc234357160]2.1 Source System Identification
The proposed NHS England data warehouse will integrate data from both internal and external sources to support organisational reporting and strategic decision-making. Internal sources include Electronic Patient Records (EPR) for patient information, Patient Administration Systems (PAS) for admissions and appointments, Clinical Information Systems for diagnoses and treatments, Workforce Management Systems for staffing data, and Financial Management Systems for budgets and expenditure. External sources include NHS performance datasets, public health statistics, demographic data and regulatory reporting information used for benchmarking and population health analysis. Integrating these sources provides a consistent and reliable foundation for business intelligence, performance monitoring and evidence-based decision-making across NHS England.
[bookmark: _Toc234357161]2.2 Star Schema Design
The proposed NHS England data warehouse should use a dimensional modelling approach because it supports fast analytical reporting and allows senior managers to examine healthcare performance from different perspectives. Instead of creating one large and complex schema, the proposed design uses two related star schemas: a Patient Treatment Star Schema for detailed clinical and operational analysis, and a Monthly Performance Star Schema for aggregated executive reporting.
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Figure 6A. Patient Treatment Star Schema.
Figure 6A illustrates the proposed patient treatment star schema, where the central fact table is linked to master and metadata dimension tables through foreign keys. The schema supports efficient clinical, operational and financial analysis for reporting and decision-making.
The Fact Patient Treatment table stores measurable treatment activity, including waiting time, length of stay, treatment cost, number of procedures, readmission indicator and bed occupancy days. This table connects to master data dimensions such as Dim Patient, Dim Staff, Dim Hospital and Dim Date [15]. These dimensions provide stable reference information, including patient demographics, staff role, hospital location and treatment date. Including master data supports consistent reporting across NHS regions and reduces confusion caused by inconsistent naming or duplicated records.
The schema also includes metadata dimensions such as Dim Service Type, Dim Diagnosis and Dim Treatment Type [15]. These tables classify healthcare activity into meaningful categories, such as emergency care, elective surgery, cancer treatment, cardiac services or community care. This design enables NHS England to analyse performance by service category, diagnosis group or treatment type rather than only viewing individual transactions.
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Figure 6B.  Monthly Performance Star Schema
Figure 6B illustrates the proposed monthly performance star schema, where aggregated performance measures are linked to master and metadata dimension tables. The schema supports performance monitoring, executive reporting and strategic decision-making across NHS England.
The second schema is designed for aggregate data. The Fact Monthly Performance table stores monthly key performance indicators, including average waiting time, bed occupancy rate, total admissions, readmission rate, average treatment cost, staff utilisation and patient satisfaction score. This fact table links to dimensions such as Dim Month, Dim Region, Dim Hospital, Dim Service Type and Dim Performance Indicator. Aggregating data at monthly level supports board-level reporting without requiring senior leaders to analyse detailed patient-level records.
Using two related star schemas provides a balanced design. The Patient Treatment Star Schema supports detailed clinical and operational analysis, while the Monthly Performance Star Schema supports high-level management reporting. This approach improves query performance, reduces reporting complexity and allows NHS England to produce both detailed and summarised business intelligence from the same enterprise data warehouse.
[bookmark: _Toc234357162]2.3 Data Marts and Schema
Data marts are subject-oriented subsets of a data warehouse that provide information for specific departments or business functions. Each data mart uses a dimensional schema that organises data into fact and dimension tables, allowing managers to analyse information efficiently and support departmental decision-making [5], [9].
The proposed NHS England data warehouse includes three subject-oriented data marts: Finance, Operations and Clinical Quality. Each data mart is created from the enterprise data warehouse and provides information relevant to a specific department. This approach allows managers to access relevant data quickly without searching the entire warehouse, improving reporting efficiency and supporting informed decision-making.
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Figure 7. Table 2 summarises the proposed data marts, their supporting fact tables.
Table 2 summarises the proposed data marts, their supporting fact tables, key dimensions, KPI examples and primary users. It shows how each data mart is linked to departmental decision-making within NHS England. The Finance Data Mart supports financial control, the Operations Data Mart supports service planning, and the Clinical Quality Data Mart supports patient safety and care improvement.
The Finance Data Mart contains measures such as treatment costs, departmental expenditure, budgets and revenue. Supporting dimensions include hospital, department, time and service type. This information supports financial reporting, budget planning and cost analysis.
The Operations Data Mart stores information on patient admissions, waiting times, bed occupancy and appointment activity. Supporting dimensions include hospital, department, date and service type. These data help managers monitor service performance, allocate resources and improve operational efficiency.
The Clinical Quality Data Mart contains treatment outcomes, patient safety indicators, diagnosis, procedures and readmission rates. Dimensions include patient, diagnosis, treatment, clinician and time. This enables healthcare managers to evaluate clinical performance, monitor quality standards and identify opportunities for continuous service improvement.
Together, these data marts provide focused analytical views that improve reporting performance while supporting evidence-based decision-making across NHS England [5], [9].
[bookmark: _Toc234357163]2.4 ETL Plan
The proposed ETL plan transfers data from NHS England's operational systems into the enterprise data warehouse using a structured and automated process. As shown in Table 3, patient, workforce, hospital and treatment data are extracted from the identified source systems before undergoing validation, cleansing and standardisation [8], [16]. During the transformation stage, duplicate records are removed, coding standards are applied, and key performance measures are calculated [16]. The validated data are then loaded into the dimension and fact tables supporting both the Patient Treatment and Monthly Performance Star Schemas. Scheduling the ETL process during periods of low system activity ensures that analytical data remain accurate and up to date without affecting day-to-day healthcare operations [10], [16].
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Figure 8. Table 3 summarises the proposed ETL plan for the NHS England data warehouse.
Table 3 summarises the proposed ETL plan for the NHS England data warehouse. It shows the source system for each warehouse table and the main transformation activities required before data are loaded into the warehouse.
[bookmark: _Toc234357164]2.5 Data Quality and Governance
Maintaining high data quality and effective governance is essential throughout ETL and ongoing warehouse operations. NHS England should ensure data accuracy, consistency and completeness through regular validation and standardised coding practices. Patient information must be protected using role-based access control, encryption and audit trails to maintain confidentiality. Compliance with the UK GDPR and NHS data governance policies will ensure that information is processed securely, ethically and in accordance with regulatory requirements.
[bookmark: _Toc234357165]3.0 Implementation Recommendation
The proposed data warehouse should be implemented in phases to minimise operational disruption and reduce implementation risks. The first phase should focus on integrating key operational systems, including Electronic Patient Records (EPR), Patient Administration Systems (PAS), clinical, workforce and financial systems. A standardised ETL process should be used to cleanse, validate and integrate data before loading them into the enterprise data warehouse [8], [16]. Subject-oriented data marts should then be developed to provide finance, operations and clinical departments with reliable analytical information [5], [14]. Strong data governance, security controls and regular data quality monitoring should be maintained throughout implementation to ensure compliance with NHS policies and UK data protection regulations [13]. This phased approach provides a scalable and reliable foundation for future healthcare analytics and organisational decision-making.
[bookmark: _Toc234357166]4.0 Conclusion
This report has presented a practical data warehousing solution to support NHS England in managing and analysing healthcare information more effectively. The comparison between Online Transaction Processing (OLTP) systems and data warehouses demonstrated that both technologies perform different but complementary roles within healthcare organisations. The proposed data warehouse architecture, ETL process and dimensional modelling approach provide a structured framework for integrating operational data into a central repository that supports business intelligence and strategic reporting.
The proposed star schemas and subject-oriented data marts enable finance, operations and clinical departments to access reliable information for performance monitoring and evidence-based decision-making. In addition, the proposed ETL plan and data governance measures help ensure that organisational data remain accurate, consistent, secure and compliant with UK data protection requirements.
Overall, the proposed solution provides NHS England with a scalable and efficient analytical environment that improves reporting, resource planning and healthcare performance analysis. By integrating data from multiple operational systems into a single source of trusted information, NHS England can strengthen organisational decision-making, improve service delivery and support future digital transformation initiatives. The proposed design also provides a flexible foundation that can be expanded to meet future healthcare demands and evolving analytical requirements.
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