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[bookmark: _Toc235988262]Introduction:
As an outside data warehousing specialist hired by NHS England, I generated this study. The Chief Executive's need to comprehend the strategic reason for investing in a data warehouse in plain language is addressed in Task 1. The Chief Executive and Board, who have since authorised the proposal, are presented with a comprehensive technical design in Task 2, which includes a star/constellation schema and an execution plan. The Electronic Patient Record (EPR), Patient Administration System (PAS), workforce, and financial systems of NHS England are among the operational contexts from which examples are taken throughout.
[bookmark: _Toc235988263]Task 1: Briefing report for the CEO and Board 
1.1 [bookmark: _Toc235988264]OLTP vs Data Warehouse
For daily operations, NHS England already uses Online Transaction Processing (OLTP) systems including the Patient Administration System (PAS) and the Electronic Patient Record (EPR). To avoid data redundancy and maintain update integrity, these systems employ normalised relational structures. This ensures that only one record is updated and the system is consistent when a patient is admitted, discharged, or their bed status changes [1]. Only current operational data is usually retained by OLTP systems, which are geared for high numbers of brief, concurrent read/write transactions. Older records are archived to maintain performance.
The function of a data warehouse is essentially different. It is a subject-oriented, integrated, time-varying, and non-volatile collection of data put together to assist management decision-making, according to Inmon [1]. A data warehouse integrates historical data from EPR, PAS, workforce, and financial systems into a single analytical storage that is geared for intricate, read-intensive queries rather than quick updates, as opposed to documenting individual transactions [2]. According to Chaudhuri and Dayal [2], a data warehouse responds to "what has been happening" (e.g., how has regional bed occupancy trended over the last three winters), while OLTP responds to "what is happening now" (e.g., is a given bed currently occupied).
Investing in a data warehouse benefits the Board by enabling trend analysis, cross-site benchmarking, and long-term capacity planning—all of which the OLTP systems were never intended to support—without adding analytical query load to the live clinical systems that frontline staff rely on daily.

1.2 [bookmark: _Toc235988265]Data Warehouse Architecture and ETL 
         As shown in Figure 1 [3], [4], a data warehouse is often implemented as a three-tier architecture. Tier 1 consists of the operational source systems that are currently in use throughout NHS England: the Electronic Staff Record (ESR) contains workforce data; the finance and costing ledger contains budgetary and tariff data; the Secondary Uses Service (SUS) and Hospital Episode Statistics (HES) provide nationally standardised activity data; and the EPR and PAS contain patient, admission, and clinical activity data [5]. The Extract, Transform, Load (ETL) layer, a staging area, and the corporate data warehouse itself make up Tier 2. The Business Intelligence (BI) dashboards and data marts utilised by the Chief Executive, Finance Director, and Medical Director make up Tier 3.
These various internal sources are integrated through the ETL method [6]. To avoid directly querying the live transactional databases used by clinicians and administrative personnel for reporting, read-only copies of data are extracted from EPR, PAS, ESR, and financial systems, usually via database replicas or scheduled extract files. Data is cleaned and standardised during transformation: NHS numbers are eliminated, local diagnosis and procedure codes are mapped to the national ICD-10 and OPCS-4 classifications, dates and units are standardised, and derived metrics like length of stay or Referral-to-Treatment (RTT) wait days are computed.
Using incremental "delta" loads after an initial historical load is finished and Slowly Changing Dimension (SCD) techniques to preserve history when, for instance, a patient's registered GP practice or address changes, the transformed data is loaded into the warehouse's fact and dimension tables [6]. 
Because ETL runs as a scheduled batch process, generally overnight when clinical activity is lowest, and reads solely from replicated copies of source data, it creates no additional stress on the operational systems that support patient care.
Therefore, the Board may be confident that implementing a data warehouse will not interfere with day-to-day healthcare operations while still providing a consolidated, almost real-time view of performance throughout NHS England within hours of data being gathered at the point of service [5].
[bookmark: _Toc235988266]Fig 1: NHS England's three-tier ETL pipeline and data warehouse design.
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1.3 [bookmark: _Toc235988267]Data Marts for management decision making 
A data mart is a subset of the data warehouse that is subject-specific and designed to meet the reporting requirements of a single department or user group [4], [7]. There are two common architectural methods. Data marts in Inmon's "top-down" corporate information factory are reliant on a single integrated enterprise data warehouse, which ensures high consistency throughout the company [1]. Data marts are first constructed around conformed dimensions that are shared around the company in Kimball's "bottom-up" bus architecture, which enables incremental delivery of marts while ensuring that the identical patient, time, and location keys mean the same thing anywhere they are used [3].
A bus architecture based on conformed dimensions is advised for a company the size and complexity of NHS England since it enables the prompt delivery of priority marts while maintaining a single version of the truth. 
A strategic performance data mart would help the chief executive oversee operational efficiency across Integrated Care Systems (ICSs) without requiring in-depth clinical or financial knowledge by combining patient flow, bed occupancy, RTT compliance, and regional benchmarking measures into a small number of board-level KPIs.

A finance data mart would allow the Finance Director to examine financial sustainability at the service-line, site, and regional levels by utilising cost-per-episode, national tariff income, budget vs actual expenditure, and workforce cost data, including agency staffing. 
To assist clinical governance, CQC compliance, and service improvement, a clinical quality data mart for the Medical Director would concentrate on readmission rates, mortality indicators, patient safety issues, and patient satisfaction scores.
A KPI reported to the Chief Executive will always reconcile with the more detailed information available to the Finance and Medical Directors because all three marts are constructed using the same conformed Patient, Time, and Location dimensions [8]. This gives senior leadership confidence that decisions made across departments are based on a single, reliable set of data.
It is also possible to implement each data mart as a smaller star schema that is limited to the fact and dimension tables that its consumers require. This makes each audience's queries quick and enables access controls to be implemented at the mart level. For instance, the Finance Director's team can have complete access to the finance mart while being prohibited from accessing identifiable clinical information stored elsewhere in the warehouse.

1.4 [bookmark: _Toc235988268]OLTP Normalisation and Dimensional Modelling 
To reduce redundancy and safeguard update integrity, NHS England's OLTP systems, including PAS, adopt normalised relational design, usually to Third Normal Form (3NF), in which patient, address, GP, and ward details are kept in distinct linked tables [1]. Ad hoc reporting is slow and challenging for non-technical people to create because this approach is effective for capturing individual transactions but necessitates numerous joins to answer analytical enquiries.
Instead, data warehouses employ dimensional modelling, most frequently a star architecture, where a few denormalised dimension tables are directly connected to a core fact table that contains numerical measures [3]. A star schema for NHS patient activities is shown in Figure 2: FACT_PATIENT_ACTIVITY is associated with DIM_PATIENT, DIM_TIME, DIM_TREATMENT (which contains ICD-10/OPCS-4 codes), and DIM_LOCATION. It contains metrics like duration of stay, RTT wait days, and episode cost. Most analytical queries only need one join between the fact table and each pertinent dimension since dimension tables are purposefully denormalised, as opposed to the numerous joins required in a normalised OLTP schema [9]. This allows the IT Director's team and eventually business analysts to create reports without having to fully comprehend the intricacy of the underlying OLTP data model by trading a certain amount of storage redundancy for far easier, faster, and more intuitive queries. A pure star schema is advised for simplicity and query speed because NHS England's structures are not so complicated as to necessitate further normalisation into a "snowflake" schema when a dimension itself has a large internal hierarchy, such as Location breaking down into ward, site, region, and ICS area.
[bookmark: _Toc235988269]Fig 2: Star schema for NHS patient activity
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[bookmark: _Toc235988270]Task 2: Star Schema Design and Implementation Plan
[bookmark: _Toc235988271]2.1 Source System Identification
Both internal and external sources will supply data to NHS England's data warehouse. Internal sources include the ESR workforce system, which contains staff, shift, and absence data; the EPR and PAS, which contain patient demographics, admissions, discharges, and waiting-list data; clinical systems covering pathology, radiology, and theatre management; and the finance and costing ledger, which contains tariff income, budgets, and expenditure [10], [11]. GP clinical systems, the national Secondary Uses Service (SUS), Hospital Episode Statistics (HES), inspection results from the Care Quality Commission (CQC), and the Office for National Statistics (ONS) are examples of external sources, demographic information, which collectively offer standardised population and activity data to support NHS England's internal operational records. At this point, separating transactional and reference data from master data (personnel, patients) guarantees that each source is mapped to the appropriate dimension or fact table during design.
[bookmark: _Toc235988272]2.2 Star Schema Design 
A fact constellation (galaxy) schema is suggested for NHS England based on Kimball and Ross's four-step dimensional design process: choosing the business process, declaring the grain, identifying the dimensions, and identifying the facts [3]. In this schema, several fact tables share a common set of conformed dimensions, as shown in Figure 3 [12]. 
The master and metadata foundation of the warehouse consists of four conforming dimensions. Maintained as a Slowly Changing Dimension Type 2, DIM_PATIENT contains master patient data (NHS number, demographics, GP practice) and preserves a complete history of modifications like a patient switching to a new general practitioner. Master workforce data is also stored in DIM_STAFF, which is received from ESR. DIM_LOCATION offers a hierarchy of ward, hospital site, region, and Integrated Care System (ICS) area, whereas DIM_TIME offers a standard calendar that includes the NHS fiscal year (April–March). DIM_SERVICE_TYPE, DIM_DIAGNOSIS (ICD-10), and DIM_PROCEDURE (OPCS-4) are additional metadata dimension groups that use nationally defined codes to categorise each episode by clinical service line, diagnosis, and procedure.
At a coarser grain of one row per hospital site each month, a fourth aggregate fact table called FACT_MONTHLY_PERFORMANCE is suggested. Its pre-computes metrics like average bed occupancy %, average RTT compliance percentage, and total readmissions. Pre-aggregating this data avoids scanning millions of rows in the base fact tables each time a report is refreshed, which significantly improves dashboard performance without duplicating the detailed data still available in the base facts for drill-down analysis because board-level dashboards frequently query the same high-level summaries [13], [14]. While the shared conformed dimension bus ensures that a patient, location, time period, or service line means exactly the same thing regardless of which fact table, data mart, or report it appears in, this constellation design enables the three subject areas that matter most to NHS England's senior leadership—patient activity, finance, and workforce—to be modelled independently at the grain appropriate to each business process.


Every dimension uses surrogate integer keys instead of natural keys like the NHS number or staff ID. This allows DIM_PATIENT to store multiple historical versions of the same patient under Type 2 tracking, protects the warehouse from changes to source-system identifiers, and provides each fact table with a compact, consistently structured set of foreign keys—the key design discipline that keeps a constellation schema of this size manageable and extensible as new NHS operational systems are added in the future.

[bookmark: _Toc235988273]Fig 3: Fact constellation schema with conformed dimension bus in the NHS England data warehouse.
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[bookmark: _Toc235988274]2.3 Data Marts and Schema
Three departmental data marts are suggested, each of which reuses the conformed dimension bus to ensure that statistics provided in one mart reconcile with those published in another, building on the constellation architecture shown in Figure 3 [7]. 
To facilitate budget monitoring, cost-per-episode analysis, and income reconciliation against the national tariff at the service-line, site, and regional levels, the Finance data mart combines FACT_FINANCE with DIM_TIME, DIM_LOCATION, and DIM_SERVICE_TYPE.


The Operations data mart facilitates the tracking of bed occupancy, patient flow, and RTT compliance across regions and care pathways by combining FACT_PATIENT_ACTIVITY and the aggregate FACT_MONTHLY_PERFORMANCE with DIM_LOCATION, DIM_TIME, and DIM_SERVICE_TYPE. 
The Clinical Quality data mart supports clinical audit, CQC compliance reporting, and patient safety monitoring by utilising FACT_PATIENT_ACTIVITY's readmission and outcome metrics in conjunction with DIM_DIAGNOSIS, DIM_PROCEDURE, and DIM_STAFF.
Information governance is also supported by limiting each mart to the facts and dimensions pertinent to its department. This is because all three marts remain completely consistent because they rely on the same underlying conformed dimensions and fact tables, and Finance users do not need access to identifiable clinical details, and clinical users do not need to see individual staff costing data [8]. 
In accordance with the requirement that the warehouse serve both technical analysts and non-specialist decision-makers, each mart would normally be surfaced through a departmental BI dashboard rather than direct database access, allowing the Finance Director, Medical Director, and their respective teams to interact with familiar visual reports and self-service filters rather than having to write queries themselves.
[bookmark: _Toc235988275]2.4 ETL Plan 
A simplified ETL plan for the main warehouse tables is summarised in Table 1. After an initial one-time historical load, all extracts are incremental delta loads scheduled in an overnight batch window outside of peak clinical hours, minimising any possibility of interference with live operational systems [3], [6]. Before any unsuccessful or incomplete extract reaches the fact and dimension tables that the Board's dashboards rely on, it is highlighted for review since each load is recorded and row counts are reconciled against the source system.
	Source System
	Staging Table
	Key Transformations
	Target Warehouse Table(s)

	EPR / PAS
	stg_patient
	De-duplicate NHS number; standardise date formats; map local codes to ICD-10 / OPCS-4
	DIM_PATIENT (SCD2), FACT_PATIENT_ACTIVITY

	ESR (workforce)
	stg_staff
	Standardise role/grade codes; calculate hours, overtime and sickness days
	DIM_STAFF, FACT_WORKFORCE

	Finance / costing ledger
	stg_finance
	Standardise cost centres; apportion costs to episodes; reconcile against national tariff
	FACT_FINANCE

	SUS / HES (external)
	stg_national
	Validate against national data standards; aggregate to site/month grain
	FACT_MONTHLY_PERFORMANCE, DIM_SERVICE_TYPE



[bookmark: _Toc235988276]2.5 Data Quality and Governance 
Data quality must be protected during ETL and continuing operations by applying validation rules at load time (e.g., rejecting invalid NHS numbers), enforcing consistency through conformed dimensions and master data management, and reconciling completeness checks with source record counts. Governance must guarantee adherence to the NHS Data Security and Protection Toolkit, role-based access control that limits sensitive clinical and financial data to authorised users, full audit logging, and compliance with the UK Data Protection Act 2018 and Caldicott principles for patient confidentiality [15], [16].
[bookmark: _Toc235988277]3. Conclusion:
In conclusion, NHS England's senior leadership will have a consolidated, historical, and reliable view of patient activity, finance, and workforce performance by moving from siloed OLTP reporting to a dimensionally modelled data warehouse without interfering with the daily operational systems that clinicians depend on. The Finance, Operations, and Clinical Quality data marts can be given gradually from the fact constellation schema suggested in Task 2, which is based on conformed patient, time, location, staff, and clinical dimensions. A thorough technical design and phased build, starting with the most important Operations and Finance data marts, are the suggested next steps, subject to Board approval.
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