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[bookmark: _Toc1768112343]Abstract
The report outlines an Enterprise Data Warehouse (EDW) solution for NHS England that can deliver enhanced healthcare performance, using integrated data analytics. At present, NHS England has several operational systems, and these are stand-alone, including Electronic Patient Records (EPRs), Patient Administration Systems (PAS), workforce systems and financial systems. The report describes the differences between OLTP systems and data warehouses, a proper data warehouse architecture and ETL process, and introduces star schemas, data marts, and data governance. The proposed solution will deliver a single, trusted source of information that will enable evidence-based decision-making, increased operational efficiency, better patient outcomes and sustainable NHS services.

[bookmark: _Toc2025585665]INTRODUTION
The NHS England is responsible for the delivery of healthcare services in England via NHS Trusts, Integrated Care Systems (ICSs) and partner organisations. Systems like Electronic Patient Records (EPRs), Patient Administration Systems (PAS), and financial applications generate significant amounts of clinical, operational, workforce, and financial data daily. Such systems are, however, independent from each other, making it difficult to get a holistic picture of healthcare performance. 
This report suggests building an Enterprise Data Warehouse (EDW) as a single repository to merge the data from all these systems. It covers concepts of OLTP systems, Data warehouse architecture, ETL processes, Star schema design, Data marts, Data governance. The proposed solution will help improve operational efficiency, aid strategic decision making, optimise resource use and improve patient care throughout NHS England.
[bookmark: _Toc1458687912]Task 1:
[bookmark: _Toc1077062089]1.1: OLTP vs. Data Warehouse
NHS England already depends on several online transaction processing (OLTP) systems including electronic patient records (EPRs), patient administration systems (PAS), workforce management platforms and financial applications. Such systems help with the day-to-day operational activities, e.g. entering patient admissions, booking appointments, updating clinical notes, processing payroll and managing treatment costs. OLTP databases are optimized for rapid processing of transactions, data accuracy and concurrent access by thousands of users across hospitals and healthcare settings. They usually have up-to-date data and are optimized for frequent insert, update and delete operations [1].
On the other hand, a data warehouse is meant for analytical processing as well as strategic decision making rather than operational transactions. It combines data from several source systems into a single integrated repository and provides a historical, consistent, organization-wide view of information. Data warehouses allow complex queries, trend analysis, performance monitoring, forecasting and reporting without impacting operational systems performance. Healthcare data warehouses are especially useful because they combine clinical, operational, workforce and financial data from different systems allowing for analysis of care pathways and regions [2].
A national data warehouse for NHS England would give senior leaders a near real-time view of healthcare performance across Integrated Care Systems (ICSs), NHS Trusts and specialist services. Unlike individual OLTP systems, it would allow analysis of patient flow, bed occupancy, elective waiting lists, workforce utilisation, treatment costs and patient outcomes across the whole health system. This would support evidence-based decision making, better resource allocation, bottleneck identification and improved patient care while maintaining the operational efficiency of existing transactional systems. Thus, the OLTP systems and data warehouses are complementary to each other: OLTP supports healthcare delivery, while the data warehouse supports strategic healthcare management and transformation [3].
[bookmark: _Toc776098881]1.2: Data Warehouse Architecture & ETL
Here is the architecture diagram:
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Figure 1:  NHS England Data Warehouse Architecture
Architecture Overview
A data warehouse is a centralised repository that brings together data from various operational source systems into a structured environment that can be optimized for analysis, but not day-to-day transactions [4]. NHS England's architecture has four layers as shown above. The operational systems at the source layer are the EPR (Electronic Patient Records), PAS (Patient Administration Systems), clinical systems, which create NHS data every day, clinical activity systems, such as theatre, workforce management systems (which track shift patterns and agency use), finance systems (which include national tariff data), and quality reporting systems (which record safety incidents and readmission rates). Each system is independent and optimised for its role. The central warehouse maintains subject-oriented data marts patient, operational, workforce and finance, and quality and performance with historically complete data, allowing cross-domain analysis not found in any single source system [5]. This consolidates store is then accessed by analysts and executives via dashboards, operational reports, population health tools and predictive demand models.
 The ETL Process
 The way that data is transferred from source systems to the warehouse is called ETL Extract, Transform, Load [6]. Read only point-in-time snapshots are taken from source systems during a period of low activity or overnight (typically, with no restrictions on the period). Importantly, this means that the EPR, PAS, and clinical systems are not directly written to or changed no impact on live healthcare operations. In transformation, raw data is sanitised, verified and normalised. For NHS England this involves all the following: Mapping diagnoses to ICD-10 codes, Reconciling NHS numbers across systems, converting local cost codes to national tariff references, Identifying missing or anomalous values. This stage makes sure that data from these two trusts is comparable before it is analysed. Appending cleansed, standardised data to the proper warehouse tables without changing the source records occurs during loading. Following analytical queries are performed on the warehouse, not on the live clinical systems, thereby maintaining system performance and patient safety. 
Assurance for NHS Leadership
 The ETL architecture is inflexible with respect to separation of operational and analytical workload. No difference will be noticed by clinical staff accessing the EPR at 2 a.m., as the data extraction will occur in the background on a different connection to the EPR with read-only permissions. This is a well-documented trend found in the healthcare sector globally and has been very effective in the NHS environment [7].
[bookmark: _Toc1964441744]1.3: Data Marts for Management Decision-Making

A Data Mart is a data warehouse that is dedicated to a particular business function or a user group rather than the organisation [4]. Creating role specific marts for NHS England's senior executives means that they receive insight which is relevant to their role and digestible not going through the full warehouse.
 Chief Executive mart:
The Chief Executive should not be concerned with the detail but need a strategic overview on a systems-level. This mart provides a collection of data from all regions to create indicators at a board level: RTT performance against national targets, regional bed utilisation and capacity utilisation, and Elective care backlog trends. Here, dimensional modelling is the perfect approach, as the star schema enables quick roll-up and drill-down between the national level, regional level and trust level summaries, without the CEO having to access raw transactional data [8]. This usually involves a balanced scorecard that integrates operational, financial and quality measures into a single dashboard to facilitate the type of high-level oversight that executive dashboards are intended to provide [9].
 Finance Director mart:
 The Finance Director's mart is a cost and budget control-oriented mart. It utilizes financial transaction data, national tariff information, and activity-based costing to identify cost per patient episode, tariff income vs. actual cost, and workforce-related costs like agency staffing and overtime. This mart is designed to be auditable, using a more normalised and conformed dimension design which is traceable back to the source transactions, this means when the Finance Director needs to reconcile the warehouse figures with the statutory accounts it remains easy to do so [5].
 Medical Director mart:
The Clinical Quality & Patient Safety Insight is required by the Medical Director, not financial information. This mart combines clinical activity and outcomes metrics such as theatre utilisation, patient safety incidents, mortality and readmission rates with outcomes by procedure type, allowing clinical governance and comparison with national quality benchmarks. Since this data is sensitive, the role-based access control, and de-identification at the mart layer are important safeguards [10]. 
Shared design principle:
 Indeed, all three marts are from the same conformed warehouse, so that a key rule of dimensional bus architecture, that the same figures should be reported with the same meaning across all NHS leadership, holds true [8].
[image: ]Figure 2: NHS England Executive Data Mart Structure
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[image: ]Figure 3: NHS England Star Schema 

OLTP and normalisation
 The operational systems used in the NHS namely EPR, PAS and finance systems work on Online Transaction Processing (OLTP) principles. The databases are heavily normalised, usually to Third Normal Form (3NF), and usually have many related, fine-grained tables that don't allow any redundancies or write-inconsistencies [11]. A clinician's record of a patient admission causes changes to only those exact rows that are affected, across multiple joined tables. This is efficient for transactional speed, but not suitable for analytical queries, such as the average length of stay by trust and specialty, which involves joining dozens of normalised tables to answer the question, which is time-consuming and costly [5].
 Dimensional modelling and the star schema.
 Data warehouses, on the other hand, adopt dimensional modelling using the most popular star schema. This is based on one fact table, in this case, Patient Activity with measurable or quantitative values, such as length of stay, treatment cost, and RTT waiting days, as shown above. It is surrounded by dimension tables that describe it: Patient, Date, Location, Treatment, and Workforce, each of which is connected to the fact table through a surrogate key. With this intentionally non-normalised layout, analytical queries can be processed in one sweep over the data, without performing complex multi-table joins, significantly boosting query performance for large volumes of data common to NHS running [8]. 
Why this is important for NHS England 
The IT Director should ensure that these are not designs that are in competition with each other. The OLTP systems continue to operate without any changes, converting real clinical transactions. That normalised data is used to create the dimensional model daily, giving leadership quick and agile reporting. A query asking for Finance Director for cost per episode per region per care pathway probably fails to fit in the EPR, but no such problem with the star schema [12]. This architectural distinction between transactional and analytical workloads is no longer optional, but essential for realising the value and meaningful, timely insight of NHS England's scale, which covers the spectrum of services from acute to community to mental health and specialist services [6].

         Task 2
[bookmark: _Toc741407682]2.1 Source System Identification
Data from various sources, both internal and external, will be pulled into a single database to give a complete picture of healthcare performance: NHS England's Enterprise Data Warehouse (EDW). 
The internal sources are Electronic Patient Records (EPRs), that include patient demographics, diagnosis, treatment and outcomes; Patient Administration Systems (PAS), that encompass admissions, discharges, appointments, and waiting lists; clinical systems like pathology, radiology, theatre management systems; Electronic Staff Record (ESR) workforce systems, which include staffing, absence and overtime; and financial systems, including budgets, expenditure, tariffs and treatment costs.
 External sources are GP systems, primary care systems, public health datasets, vaccination history, screening programmes and national demographic statistics. Combining these sources allows NHS England to be able to analyse a patient's outcome, efficiency, workforce capacity, financial effectiveness and performance in a single trusted source, to inform evidence-based decision making and service improvement [13][14].


[bookmark: _Toc1739878622]2.2 Star Schema Design

[image: ]Figure 4: Star Schema Design

Design approach 
The NHS England data warehouse is a constellation schema, comprising three related star schemas that share conformed dimensions [8]. This structure allows each executive domain to utilize information in its own data grain and ensures consistent definitions across all three fact tables, addressing issues of inconsistent reporting seen in previous disjointed NHS data environments.
Fact tables 
The figure 4 describes three distinct fact tables utilized for varying analytical purposes. The Patient Activity fact table tracks individual Episodes of Care, documenting events like RTT waiting days and Treatment Cost, aiding clinical quality assessment by the Medical Director and performance monitoring by the Chief Executive. The Financial Performance fact table operates at the directorate-period level, detailing tariff income, costs, budget variance, and agency spend, which assists Finance Directors in budget control. Lastly, the Monthly KPI fact table presents key performance indicators such as bed occupancy, RTT compliance, and patient satisfaction that enable efficient reporting to the board without the need for real-time data aggregation across numerous trusts, beneficial for coordinating data across NHS England's five regions [5].
Master data dimensions 
Several key NHS entities are represented as master data, with reference data changing over time. The Patient dimension includes NHS number, date of birth, gender, GP practice code, ICS region, deprivation decile, and long-term conditions. It is recommended to use Slowly Changing Dimension Type 2 (SCD2) for storing historical snapshots for accurate analysis based on the patient’s situation during episodes [4]. The Workforce dimension contains staff data from the Electronic Staff Record, covering grade, specialty, contract type, agency/substantive, shift type, and sickness band, facilitating analysis of workforce costs and capacities at the episode level.
Metadata dimensions
The Treatment dimension consolidates clinical (ICD-10, OPCS, HRG codes) and operational data (elective/emergency flags, tariffs) pertinent for NHS payment and analysis. HRG codes are critical for reimbursement identification . The Service Type dimension functions as a metadata table defining NHS services, enabling distinction between service types, such as community mental health visits and acute procedures, essential for performance comparisons [12].
Conformed dimensions 
The Date and Location dimensions are fully conformed across all three fact tables, ensuring consistency in structure. The Date dimension aligns with NHS financial periods instead of the calendar year, facilitating reporting that matches statutory accountability. The Location dimension includes trust code, ICS region, hospital type, urban-rural classification, and CQC rating, allowing geographic analysis and benchmarking with CQC outcomes. This conformance enables the Chief Executive to explore correlations between CQC ratings, RTT non-compliance rates, and costs per episode [8].
 Referential integrity & governance
A surrogate key serves as the primary key in dimension tables, isolating the data warehouse from changes in source system identifiers and facilitating SCD2 versioning. Fact tables use foreign keys referencing these surrogates instead of trust-level PAS system codes to ensure warehouse stability during system upgrades [11]. Attribute metadata, including data owner, source system, refresh frequency, and quality rules, should be stored in a separate repository to maintain an audit trail necessary for NHS information governance compliance within the Data Security and Protection Toolkit [10].
[bookmark: _Toc585670488]2.3: Data Marts and Schema
The NHS England should establish special purpose data marts of the Enterprise Data Warehouse (EDW) to support effective decision making. Data marts support departmental-based views of data, which boost query performance and allow managers to concentrate on the key performance indicators (KPIs) that matter to them. Typically, healthcare data warehouses have data marts to support clinical, operational, and financial decision making [15].
 1. Finance Data Mart 
The Finance Data Mart enables the Finance Director to keep track of budgets, costs and cost-effectiveness.
Schema: 


	Fact_Finance (Treatment Cost, Tariff Revenue, Budget Variance, Expenditure)


	Dim_Date


	Dim_Hospital


	
Dim_Service

	Dim_Patient




This mart will allow cost per patient episode analysis, departmental spend, tariff income and budget adherence to be analysed across NHS Trusts and Integrated Care Systems (ICSs). It facilitates resource planning and long-range financial planning [16].
2. Operations Data Mart
 The Operations Data Mart is used by managers in the hospital and the Chief Executive to track the delivery and capacity of services. 
Schema:
 
	Fact_Operations (Admissions, Discharges, Bed Occupancy, RTT Times, Length of Stay)


	Dim_Date


	Dim_Hospital


	Dim_Service


	Dim_Patient



The data mart offers insights into patient inflow, waiting lists, emergency demand, and bed occupancy. NHS leaders can spot bottlenecks, maximise capacity and enhance performance to national targets. Data marts are especially useful when looking to connect with activity data from several health care organisations [17]. 
3. Clinical Quality Data Mart
 The Medical Director's and clinical governance teams are supported by the Clinical Quality Data Mart.
Schema: 
	Fact_Clinical_Quality (Readmissions, Mortality Indicators, Patient Safety Incidents, Patient Satisfaction Scores


	Dim_Date


	Dim_Patient


	Dim_Hospita


	 Dim_Clinician


	Dim_Service



 
This mart allows treatment outcomes, patient safety, clinical effectiveness and compliance with national quality standards to be monitored. Performance can be compared across different hospitals, specialties or care pathways to facilitate ongoing improvement and evidence-based healthcare delivery [16]. 
These data marts create specific analytical environments for clinical quality management, operations and finance, and ensure that there is one source of trusted data in the NHS England data warehouse [17].
[bookmark: _Toc1818439423]2.4: ETL Plan
The NHS England ETL process will bring together information from various operational systems into the Enterprise Data Warehouse (EDW). 
For Extract, patient information will be retrieved from EPR and PAS systems, workforce information will be retrieved from ESR, financial information will be retrieved from finance systems, and clinical activity information will be retrieved from pathology, radiology and theatre management systems. 
Data quality checks will be carried out during Transform to remove duplicates, fill in missing data, validate NHS numbers, standardise ICD-10 diagnosis codes, harmonise hospital and service names and harmonise data format between regions. Executive reporting will be aggregated using monthly KPIs (e.g., Bed Occupancy, Referral-to-Treatment (RTT) performance and Readmission rates).
 Lastly, the data is to be loaded into fact and dimension tables of the data warehouse, cleansed and standardised. This helps to maintain data consistency, interoperability, and reliable analytics without disrupting the healthcare operations [18].
[bookmark: _Toc658718013]2.5 Data Quality and Governance
To be successful, NHS England's data warehouse must be of high quality and under effective governance. The data quality should be checked for ETL to ensure accuracy, completeness, consistency, and to eliminate duplicate data, and coding systems, like ICD-10 should be standardised. Governance should include access controls, encryption, audit trails and ongoing monitoring of data quality, to ensure compliance with UK GDPR, the Data Protection Act 2018 and NHS data security standards. These controls ensure patient confidentiality and accurate information to help with decisions [19][20].
[bookmark: _Toc282551924]CONCLUSION
An Enterprise Data Warehouse would provide NHS England with the ability to combine information from a variety of operational systems into an accurate and trusted source of information. The organisation can leverage the various ETL processes, dimensional modelling, and department-specific data marts to enhance reporting capabilities, track healthcare performance, and aid in decision-making. Good data quality and governance will allow it to be accurate, secure and meet the UK data protection regulations. The overall benefit of the proposed data warehouse will be to assist NHS England to enhance patient care, optimise the use of resources, minimise operational inefficiencies and ensure that high-quality sustainable healthcare is provided in England.
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