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NHS England relies on Electronic Patient Records (EPR), Patient Administration Systems (PAS), clinical applications, workforce platforms and financial systems. These systems support daily care, but different formats and local definitions make it difficult to obtain one reliable national view of waiting times, capacity, staffing, spending and quality. The Data Saves Lives strategy identifies secure and effective use of health data as an important part of service improvement [1]. This report proposes an Enterprise Data Warehouse (EDW) that integrates analytical copies of operational data, supports the needs of senior leaders and protects frontline healthcare systems.

Task 1 — Strategic Case for the Data Warehouse
[bookmark: _Toc234264150]1.1 OLTP vs. Data Warehouse
Online Transaction Processing (OLTP) systems record healthcare events. PAS records referrals, admissions and discharges; EPR systems update diagnoses and treatments; rostering systems record shifts; and finance applications post payments and expenditure. These systems handle many short inserts and updates, so speed, accuracy and transaction integrity are essential. Their databases normally use related, normalised tables that reduce duplication and prevent one update from creating conflicting records [2].
A data warehouse serves a different purpose. Inmon describes it as subject-oriented, integrated, time-variant and non-volatile. It brings selected data from many systems into a consistent historical store for analysis. Dimensional structures then make measures such as waiting time, length of stay, bed use and cost easier to compare across hospitals, services, ICSs and reporting periods [3].
[image: ]Table 1: Comparison of NHS OLTP Systems and Enterprise Data-Warehouse Characteristics
Table 1 above shows that the EDW complements rather than replaces NHS operational systems. Clinicians continue to use EPR and PAS, while authorised managers and analysts query a separate analytical copy. The Chief Executive can therefore compare elective backlogs in London with capacity pressures in the Midlands, rural access challenges in the Southwest or specialist activity in Northern England without running complex reports on systems used for patient care [2].
The difference is the question each platform answers. OLTP answers, “What is happening to this patient now?” The EDW answers, “What pattern has developed across services and time?” This gives the board a trusted view of activity, workforce, finance and quality for benchmarking, forecasting and resource decisions while preserving the purpose and performance of frontline applications [3].


[bookmark: _Toc234264151]1.2 Data Warehouse Architecture & ETL
Figure 1 presents a layered architecture suited to NHS England. The source layer contains EPR and PAS for patient activity; clinical, laboratory and radiology systems for diagnoses, tests and treatment; ESR and rostering systems for workforce data; and finance ledgers for budgets, tariffs and expenditure. These systems remain the official place for recording daily transactions. A separate integration layer copies selected data into restricted staging, where it can be processed without allowing dashboards to query live clinical applications.


[image: ]
Figure 1: Proposed NHS England Enterprise Data Warehouse Architecture (author’s design, informed by [2]
The Extract, Transform and Load process converts these different records into consistent analytical data. Extraction uses read-only incremental loads to collect only new or changed records. Transformation removes duplicates, validates NHS numbers and dates, maps local clinical codes to agreed ICD-10 and service categories, standardises Trust and ICS names, deals with missing values and pseudonymises direct identifiers. Reconciliation compares source and staging totals. Loading writes conformed dimensions before related facts and then refreshes approved aggregates, following the source-to-target discipline taught for ETL planning [5].
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Figure 2: ETL Workflow for Loading NHS Operational Data into the Enterprise Data Warehouse [5]. 
The EDW stores detailed historical facts, shared dimensions, aggregates and metadata. It supplies dependent Operations, Finance and Clinical Quality marts and role-specific dashboards. This separates operational processing from analysis and gives managers one governed view while preserving traceability to the source [8]. Historical snapshots also allow the board to compare service changes over time instead of overwriting earlier positions. Governed metadata records where fields originated, when they were loaded and how each KPI was calculated, supporting audit and consistent interpretation across regions.
The design protects daily healthcare operations. Larger finance and workforce loads run overnight; urgent operational information can use small hourly increments. Extraction is monitored and can pause when a source is under pressure [16]. Data is encrypted during transfer and storage, access follows least privilege, and audit logs record each ETL step. Failed records are quarantined rather than loaded silently. If a validation or security check fails, publication stops, the batch can restart safely and the previous trusted dashboard remains available. These controls cannot remove every technical risk, but they isolate reporting workloads and provide recovery, reassuring the Chief Executive that patient care systems remain the priority [4].

1.3 Data Marts for Management Decision-Making
Dependent data marts should be created from the governed EDW rather than copied independently from operational systems. Each mart presents a focused subject area while reusing shared definitions, dimensions and security controls. This gives directors simpler reporting without creating competing versions of NHS performance [8].
[image: ]
Figure 3: Executive Data-Mart Architecture for NHS England (author’s design, informed by [3].
The Operations Data Mart supports the Chief Executive. It combines patient-activity facts with monthly summaries for admissions, discharges, bed occupancy, Referral-to-Treatment waiting time, length of stay, theatre use and delayed discharge. A national dashboard can compare Trusts, regions, ICSs and service types, use traffic-light indicators against approved targets, and drill from a national total to a hospital or service. This helps identify patient-flow bottlenecks, elective backlogs and capacity differences between large London hospitals, Midlands acute services and rural South West providers.
The Finance Data Mart supports the Finance Director. It links financial-performance facts to date, hospital and service dimensions and contains budget, committed cost, actual expenditure, treatment cost, tariff income and variance. Fixed monthly reports support financial governance, while ad-hoc queries and what-if analysis help explain overspending and forecast demand. The director can compare cost per treatment across providers without accessing detailed clinical records. NHS Payment Scheme definitions should be applied consistently so comparisons remain meaningful [11].
The Clinical Quality Data Mart supports the Medical Director. It combines validated quality facts with patient, date, hospital and treatment dimensions. Measures include mortality indicators, 30-day readmissions, hospital-acquired infections, treatment outcomes, patient satisfaction and safety incidents. Dashboards should highlight unusual results and allow controlled drill-through to validated cases, helping the Medical Director compare services and target improvement [7]. Small-number disclosure controls and pseudonymisation reduce the risk of identifying patients.
Operations may refresh hourly or daily, finance after ledger processing, and clinical quality only after validation. Reconciliation tests must confirm that mart totals match the EDW before publication. Role-based and row-level controls limit each user to the organisations, functions and detail needed for their work [12]. Presentation should also match each decision: the Chief Executive needs national exceptions and trends, while directors need drill-down, explanatory detail and approved definitions. This keeps dashboards focused and prevents senior users from navigating technical warehouse tables.

1.4 OLTP Normalisation vs. Data Warehouse Dimensional Modelling

OLTP systems such as EPR and PAS support day-to-day clinical transactions. Their data is divided into related tables, often following Third Normal Form, so each fact is stored once. This reduces duplication, prevents insert, update and deletion anomalies, and protects integrity when staff record admissions, appointments or treatment changes. The design suits fast record activity. However, a national performance report may require many joins across patients, encounters, treatments, locations and staff, which makes analysis harder and can place demand on live systems.
[image: ]A data warehouse holds integrated historical data for analysis rather than recording care directly. Dimensional modelling deliberately uses a partly denormalised structure. A central fact table records an agreed business event and its numerical measures, while surrounding dimensions describe who, what, where and when [3]. Controlled duplication in dimensions is acceptable because ETL manages the data and users mainly read it. The trade-off is storage and ETL governance in return for clearer and faster reporting.

Figure 4: NHS Patient-Activity Dimensional Star Schema (author’s design, informed by [3]).
Figure 3 declares one row in FACT_PATIENT_ACTIVITY for each treatment or activity event. The fact contains foreign keys to patient, date, treatment, hospital and staff dimensions, plus cost, waiting time and length-of-stay measures. Analysts can therefore compare waiting time by Trust, ICS, treatment, patient group or month without rebuilding long operational joins. Descriptive labels are stored in dimensions rather than repeated in every fact row, while surrogate keys protect the analytical model from changes in local source identifiers. OLTP protects individual transactions; the star schema supports historical comparison and management decisions [3].

Task 2 — Dimensional Design and Implementation
2.1 Source System Identification
The EDW will combine internal operational sources with external reference data. PAS supplies referrals, admissions, discharges and waiting lists; EPR, laboratory and radiology systems supply demographics, diagnoses, procedures, tests and outcomes; ESR and rostering supply roles, shifts, overtime, agency use and absence; and finance ledgers supply budgets, tariffs, expenditure and treatment costs. External sources include ONS population data, UKHSA surveillance data and the NHS Payment Scheme [1]. ONS data supports population and demographic comparison, UKHSA adds public-health context, and payment rules support consistent financial benchmarking. Only fields required by the dimensional model should be extracted. The source-to-target map must record each system, table or file, owner, refresh frequency and warehouse destination, providing clear lineage before ETL development begins.
2.2 Star Schema Design
[image: ]NHS England needs related star schemas because patient activity, finance, workforce and clinical quality are different business processes. Figure 4 uses a dimensional bus architecture: each process has its own fact table, but the stars reuse conformed dimensions. The design follows the taught sequence of identifying the business process, declaring its grain, choosing dimensions and then selecting measures [3]. Shared date, hospital, patient, staff, treatment and service keys ensure that reports use the same organisational and clinical definitions [3].
Figure 5: Core Multi-Fact Dimensional Architecture for the NHS England EDW [3]

The grain is fixed before measures are selected. FACT_PATIENT_ACTIVITY contains one row per treatment or activity event, with cost, waiting time and length of stay. FACT_FINANCIAL_PERFORMANCE contains one row per financial transaction, linked to its accounting date, hospital and service, with budget, expenditure and variance. FACT_WORKFORCE_UTILISATION contains one row per staff member, hospital and work date, with worked, overtime and absence hours. FACT_CLINICAL_QUALITY contains one row per validated quality event, such as a readmission, infection or safety incident. Keeping one grain in each fact prevents figures at different levels of detail from being mixed.

[image: ]Table 2: Proposed Fact-Table Grain, Foreign Keys and Measures
Fact tables hold dimension keys as foreign keys; each dimension has a primary surrogate key. DIM_PATIENT, DIM_STAFF and DIM_HOSPITAL provide governed master-data descriptions used across the warehouse. DIM_DATE, DIM_TREATMENT and DIM_SERVICE_TYPE provide shared calendar, clinical and service reference data. Patient identifiers are pseudonymised [6]. Type 2 slowly changing dimensions preserve important history, such as a staff member moving department or a Trust changing organisational structure, while Type 1 updates correct errors that do not require history. Each dimension should also contain an “unknown” member so a valid fact can be held temporarily when a late-arriving source record has not yet supplied its matching description. This avoids broken foreign keys while keeping the exception visible for correction.
Metadata is managed separately from business records. It defines each table and field, source, data type, business meaning, owner, transformation rule, load time and permitted use. For example, DIM_SERVICE_TYPE metadata records how local codes map to acute, outpatient and community, mental-health, specialist and public-health categories. Technical, business and operational metadata provide lineage and allow users to understand where a result came from.
[image: ]Figure 5 shows the monthly aggregate star at one row per month, hospital and service type. It stores admissions, total waiting minutes, occupied and available bed-days, treatment cost, workforce hours, readmissions and eligible discharges. Rates are calculated from stored numerators and denominators rather than added percentages. Pre-calculation reduces repeated dashboard work, but every refresh must reconcile aggregates with detailed facts. Additive measures such as expenditure can be summed across all dimensions; balances and percentages require their stated calculation rules. Together, these stars let the Chief Executive compare capacity, the Finance Director review spending, and the Medical Director investigate outcome without joining fact tables directly [3].

Figure 6: Aggregate Star Schema for Monthly NHS Performance Reporting (author’s design, informed by [3]).
Description: The diagram shows how monthly NHS performance measures are grouped by date, hospital and service type, allowing managers to compare admissions, waiting times, bed use, readmissions, treatment costs and workforce utilisation consistently.

2.3 Data Marts and Schema
Three dependent marts should be derived from the EDW. Each exposes a subject-specific star schema while sharing conformed date, hospital, patient, staff, treatment and service dimensions. This avoids duplicated transformation rules and allows cross-mart analysis through governed keys [8].
The Operations Mart uses FACT_PATIENT_ACTIVITY and AGG_FACT_MONTHLY_PERFORMANCE_SUMMARY. It contains admissions, discharges, waiting time, length of stay, bed occupancy, theatre use and delayed discharge. The Chief Executive and operational managers can compare hospitals, ICSs, services and months, then drill from a KPI into validated activity.
The Finance Mart uses FACT_FINANCIAL_PERFORMANCE with date, hospital and service dimensions. It stores budget, committed cost, expenditure, tariff income, treatment cost and variance, enabling the Finance Director to identify overspending and compare cost per treatment. The Clinical Quality Mart uses FACT_CLINICAL_QUALITY with patient, date, hospital and treatment dimensions. It contains mortality, readmissions, infections, outcomes, satisfaction and safety incidents, helping the Medical Director identify outliers  [7].
A governed semantic layer should define KPI names, reporting periods, numerators and denominators. Operations may refresh hourly or daily, finance after ledger processing, and clinical quality after validation. Each mart should publish its refresh time and data-quality status, so directors know whether figures are complete and current. Row-level and role-based controls restrict access, while pseudonymisation limits direct identification [12] Before publication, owners approve definitions and analysts reconcile mart totals with the EDW. This keeps departmental reporting consistent, secure and connected to practical NHS decisions.
2.4 Secure ETL Plan
[image: ]The plan begins with a one-time historical load; incremental jobs then copy new or changed records from EPR, PAS, clinical, ESR/rostering and finance systems. Data enters restricted staging, where duplicates are removed, NHS numbers and dates are validated, clinical terms are mapped to ICD-10, service and organisational codes are conformed, and financial totals are reconciled. Patient and staff identifiers are pseudonymised. Dimensions load before facts so every foreign key resolves; monthly aggregates load last. Late-arriving records use controlled unknown keys and are corrected after review. Encryption protects transfer and storage, while least privilege, secure service credentials and audit logs control ETL activity. Invalid records are quarantined. Failed validation stops publication and keeps the previous trusted dashboard available [16].
Figure 7: Three-Phase ETL Development Plan for the NHS England Data Warehouse based on the taught ETL planning framework
Description: The table presents the three-phase ETL plan, covering initial planning, the one-time historical load, and automated incremental loads, while showing which ETL activities support data extraction, cleansing, delivery and ongoing management.

[image: ]Table 3: Secure ETL Source-to-Target Mapping for the NHS England Data Warehouse (author’s design).

Description: The table maps each warehouse table to its source system and summarises the cleansing, standardisation, validation and aggregation required before the data is loaded into the NHS Enterprise Data Warehouse.

2.5 Data Quality and Governance
Rules test accuracy, completeness, validity, consistency, uniqueness and timeliness. Invalid NHS numbers, duplicates, missing values and unmapped ICD-10 codes are quarantined and tracked through scorecards and lineage [14]. Owners and stewards approve definitions and resolve exceptions. Because health information is special-category personal data, NHS England must document its lawful basis, minimise and pseudonymise data, apply retention controls and least-privilege access, and evidence compliance through audit logs and the Data Security and Protection Toolkit.
Conclusion
The proposed EDW integrates NHS England’s patient, clinical, operational, workforce, financial and quality data without replacing frontline systems. Secure ETL, conformed dimensions, clearly grained facts, dependent marts and governance controls create reliable information for the Chief Executive, Finance Director and Medical Director. The design supports regional comparison, patient-flow improvement, workforce and financial planning, and monitoring of outcomes while protecting sensitive information. Implemented in controlled stages with reconciliation, monitoring and recovery, it would provide a practical foundation for evidence-based decisions and the continued digital transformation of NHS services.
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