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[bookmark: _Toc236389419]Task 1: The Strategic Use of Data Warehousing in NHS England
[bookmark: _Toc236389420]1.1OLTP Systems Compared with a Data Warehouse

The Nhs in England and companies that they partner with are already using many Online Transaction Processing systems that are also known as OLTP Systems. These systems facilitate daily activities and help with the healthcare services. As examples we have Electronic Patient Records, Patient Administration Systems, laboratory systems, staff rostering applications and financial systems.Every system has its role such as registering a patient, booking an appointment, recording a diagnosis, admitting a patient to a ward or processing a treatment cost.
	The role of OLTP systems is to make transactions quickly and accurately. They usually contain detailed and up to date information that continuously get`s updated by healthcare and administrative staff. We need to bare in mind that most OLTP systems are designed specifically for a certain department or operational process as for example a Patient Administration System may contain admission and discharge information, while a separate workforce system contains staff shifts, sickness absence and overtime. This fact creates difficulties for NHS to have a complete view of national healthcare performance.
A data warehouse purpose is different. According to Inmon, a data warehouse stores integrated and historical information to support management decision-making [1]. Instead of making major changes and replacing current systems is easier to collect the data and organise it for analysis. This helps the management in the NHS to analyse the data such as patient demand, waiting times, bed occupancy, workforce availability, treatment costs and outcomes together.
The bonus in this is that we can produce complex reports without running demanding queries on live clinical systems. This way NHS can identify regional performance differences, compare hospitals, monitor long-term trends and respond more quickly to capacity problems. The NHS Federated Data Platform follows a similar approach by connecting information stored across different NHS organisations to improve planning, productivity and patient care [2].

[bookmark: _Toc236389421]Table 1. Comparison between OLTP systems and a data warehouse
	Characteristic
	OLTP system
	Data warehouse

	Main purpose
	Records daily transactions
	Supports analysis and decisions

	Data
	Current and detailed
	Current and historical

	Scope
	One system or department
	Multiple services and organisations

	Users
	Clinical and administrative staff
	Executives, managers and analysts

	Updates
	Continuous
	Scheduled or near real-time

	Database structure
	Normalised tables
	Dimensional models

	Queries
	Short operational queries
	Complex analytical queries



Therefore, OLTP systems remain necessary for delivering healthcare, while a data warehouse provides the wider information needed to manage NHS performance.
[bookmark: _Toc236389422]1.2 Data Warehouse Architecture and ETL
The proposed NHS England data warehouse should use a layered architecture. This would allow information from different systems and NHS organisations to be integrated in a controlled way without replacing the applications used by frontline staff.
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In the first layer we have the source systems . these systems include EPR and PAS apps, diagnostis systems theatre systems, bed-management platforms, staff rostering systems, financial applications and patient-safety systems. Because these apps might use different formats and definitions, the data cannot be combined directly.
In the next stage we have the ETL (Extract, Transform and Load). During extraction the data needed is copied from the source systems into a temporary staging area. Extraction can use secure APIs, database replicas, encrypted files or change-data-capture technology. The Change data capture sees if changes have been made in the records from last update and that is , reducing the amount of data that must be transferred.
During transformation, the extracted records are checked and prepared. NHS numbers can be validated, duplicate patient records can be identified, dates can be placed into one standard format and organisation codes can be matched to national NHS codes. Diagnoses can be checked against ICD-10 classifications, while procedures and clinical services can also be standardised. Calculated measures, such as length of stay, referral-to-treatment time, bed-occupancy percentage and cost per patient episode, can then be created.
In the final stage it loads the prepared data in to warehouse tables . The information that is important for operational decisions like bed availability, can be updated frequently. Financial reporting and some performance measures may be loaded daily, weekly or monthly.
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If we are using this architecture we should not interfere with daily healthcare operations because the warehouse reads information from operational systems but does not normally change their records. The extraction can be done as read only, by cloning and incremental upgrades. Larger data transfers can also be scheduled outside peak clinical periods.
NHS`s Federated Data Platform is using separate instances for hospital trusts, Integrated Care Boards and the national NHS`s environment. All organisations are responsible for their own information while the approved data an be connected where the law approves [3]. NHS is using a canonical data model to create a consistent normalized understanding of information on the platform [3]. Same standard should be used also in the proposed warehouse so that, for example, “occupied bed”, “patient episode” and “waiting time” mean the same thing across different NHS organisations.

[bookmark: _Toc236389423]1.3 Data Marts for Management Decision-Making
A data mart is a focused section of a data warehouse created for a particular department or management requirement. Although the Chief Executive, Finance Director and Medical Director need different information, their data marts should come from the same central warehouse. This prevents departments from producing conflicting versions of the same performance figures.
[bookmark: _Toc236389424]Chief Executive Data Mart

The Chief Executive requires a high-level view of NHS performance across England. The executive data mart should contain important indicators such as emergency demand, elective waiting lists, referral-to-treatment performance, bed occupancy, delayed discharge, workforce shortages, expenditure and quality outcomes.
The mart should allow information to be viewed at national, regional, Integrated Care System, trust, hospital and specialty levels. For example, the Chief Executive could first identify that bed occupancy is increasing in the Midlands and then examine which trusts, hospitals or clinical services are responsible. The same mart could compare operational pressure with workforce absence and agency usage.
A balanced view is important because improving one measure may negatively affect another. Reducing length of stay, for example, should not be treated as successful if readmission rates increase. The executive mart should therefore combine efficiency, financial and quality indicators.
[bookmark: _Toc236389425]Finance Director Data Mart
The Finance Director needs detailed information about budgets, expenditure and the cost of delivering services. The finance data mart should include:
· planned and actual expenditure;
· budget variance;
· treatment costs;
· national tariff income;
· cost per patient episode;
· agency staffing expenditure;
· overtime costs;
· supplier expenditure;
· financial forecasts.
Connecting financial and clinical information would allow the Finance Director to understand why costs are changing. For example, increased expenditure in a cardiac service may be caused by higher patient numbers, more complex procedures, longer stays or greater agency staffing usage. This is more useful than viewing expenditure figures separately from healthcare activity.
The finance mart could also compare treatment cost and outcome data across trusts. However, cost comparisons should consider differences in patient complexity and specialist services because large teaching hospitals may treat more complex cases than district general hospitals.
[bookmark: _Toc236389426]Medical Director Data Mart
The Medical Director will need information about clinical quality, patient safety and treatment outcomes. The clinical-quality data should contain mortality indicators, readmission rates, complications, infections, patient-safety incidents, treatment outcomes, diagnostic delays and patient-satisfaction results.
Comparisons between hospitals, specialties, patient groups and time periods should be supported. For example, an increase in readmissions could be analysed by diagnosis, procedure, age group, hospital and discharge destination. This would help determine whether the issue is linked to clinical practice, discharge planning or community-care availability.
Sensitive patient information should be pseudonymised when direct identification is unnecessary. Access should also be based on the user’s role and purpose. Health information receives additional protection under UK GDPR because it is classified as special-category personal data [4].
The data marts should use shared dimensions, including Date, Patient, Organisation, Location, Service and Specialty. These are known as conformed dimensions and allow information from different business areas to be compared consistently [5]. Therefore, all directors would use the same definitions even though their dashboards and measures would be different.
[bookmark: _Toc236389427]1.4 OLTP Normalisation and Data Warehouse Dimensional Modelling
OLTP databases are normally structured using normalisation. Normalisation separates information into several related tables to reduce duplication and improve the accuracy of updates. For example, patient details, addresses, referrals, admissions, diagnoses and treatments may be stored in separate tables. This is appropriate for operational systems because changing a patient’s address should not require the same information to be changed in many places.
On the other hand a highly normalised database can be difficult for managers to analyse because one report may require data from many tables. Data warehouses therefore commonly use dimensional models. Kimball and Ross explain that dimensional modelling organises data into measurable facts and descriptive dimensions, making it easier for users to understand and query [5].
A fact table stores measurable events, while dimension tables describe the event. For NHS England, one row in a patient-activity fact table could represent one hospital episode or clinical attendance.
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The Fact_Patient_Activity table could contain measures such as activity count, waiting days, length of stay, treatment cost, outcome score and a readmission indicator. Dim_Patient could contain age group, sex and geographic area, while Dim_Organisation could contain the trust, hospital, ICS and region.

This structure is called a star schema because the fact table is positioned in the centre and is connected to surrounding dimensions. Fact tables contain numerical measures and foreign keys linked to the relevant dimension tables [6]. Compared with a normalised OLTP structure, the star schema is easier for analysts and managers to understand. It also supports faster reporting across areas such as patient activity, time, service, location and treatment.

Normalised OLTP systems and dimensional warehouses are therefore not competing designs. Normalised systems are suitable for recording safe and accurate healthcare transactions, while dimensional models are more suitable for analysing NHS performance and supporting management decisions.

[bookmark: _Toc236389428]Task 2: NHS England Data Warehouse Design and Implementation Plan
[bookmark: _Toc236389429]2.1 Source System Identification
The data warehouse would receive information from internal NHS systems and approved external sources. Internal sources would include Electronic Patient Records, Patient Administration Systems, laboratory and radiology systems, theatre management, bed management, workforce rostering, payroll, finance, procurement and patient-safety systems. Ambulance, community-care and mental-health systems should also be included to provide a wider view of patient pathways.
External sources could include GP referrals, population and deprivation statistics, national tariff information and national NHS datasets. Hospital Episode Statistics contains information about hospital admissions, outpatient appointments and emergency-care activity [7]. The Organisation Data Service provides standard codes and reference information for NHS organisations and sites [8]. These sources would help NHS England combine local data using consistent national definitions.
[bookmark: _Toc236389430]2.2 Star Schema Design
The proposed warehouse should use several connected star schemas because one fact table would not represent every part of NHS activity. Patient care, hospital capacity, workforce activity, finance and clinical quality involve different events and measurements. However, the schemas should share conformed dimensions such as Date, Patient, Organisation, Location, Service and Specialty. Shared dimensions ensure that the same definitions are used across reports and departments [5].
[bookmark: _Toc236389431]Patient Activity Star Schema
The main patient activity schema would record admissions, emergency attendances, outpatient appointments and community contacts. The grain of the Fact_Patient_Activity table would be one patient encounter or episode. Defining the grain clearly is important because every row in the fact table must represent the same type of event.
The table could contain the following measures:
· activity count; 
· waiting time; 
· length of stay; 
· treatment cost; 
· tariff amount; 
· outcome score; 
· readmission indicator. 
It would connect to dimensions including Patient, Date, Organisation, Location, Service, Specialty, Clinician, Diagnosis, Procedure and Referral Source. The Patient dimension could contain a warehouse patient key, age group, sex, ethnicity and geographic area. Where direct identification is unnecessary, the NHS number should be replaced with a pseudonymised identifier.
The Diagnosis and Procedure dimensions would contain nationally recognised clinical codes. Using national classifications and the NHS Data Model and Dictionary would help different organisations interpret information consistently [9]. This schema would allow NHS England to compare activity, waiting times, costs and outcomes across hospitals and regions.
[bookmark: _Toc236389432]Capacity and Patient-Flow Star Schema
A second schema would support the analysis of bed capacity and patient flow. The grain of Fact_Capacity would be one ward or hospital for a defined period, such as one hour or one day.
Measures could include:
· available beds; 
· occupied beds; 
· closed beds; 
· admissions; 
· discharges; 
· delayed discharges; 
· patients waiting for beds; 
· occupancy percentage. 
The fact table would connect to Date, Time, Organisation, Hospital, Ward, Bed Type, Specialty and Region dimensions. This structure would help operational managers identify hospitals with high occupancy or discharge delays. It could also show whether pressure in emergency departments is connected to insufficient beds or delays in community-care support.
[bookmark: _Toc236389433]Workforce Star Schema
The workforce schema would use Fact_Workforce_Shift, with one row representing one staff member working or being scheduled for one shift at one location.
Measures could include scheduled hours, worked hours, overtime hours, agency hours, absence hours, staffing costs and unfilled shifts. Dimensions would include Staff, Date, Organisation, Location, Role, Specialty, Shift Type and Employment Type.
This schema would allow NHS England to compare workforce availability with service demand. For example, managers could investigate whether high agency expenditure is caused by vacancies, sickness absence, increased patient activity or ineffective shift planning.
[bookmark: _Toc236389434]Financial Activity Star Schema
The financial schema would use Fact_Financial_Activity. Each row could represent one financial transaction or one costed patient activity. Measures would include actual expenditure, budget amount, tariff income, staffing cost, treatment cost and financial variance.
Dimensions would include Date, Organisation, Service, Specialty, Cost Centre, Account Type, Supplier and Patient Episode. Connecting financial information to patient activity would provide more meaningful analysis. For example, increased spending could be compared with changes in patient numbers, case complexity, length of stay or staffing requirements.
[bookmark: _Toc236389435]Master Data, Metadata and Aggregates
Master data would be stored in controlled dimensions, including Patient, Staff, Organisation, Location, Service, Specialty, Diagnosis and Procedure. The Organisation dimension should use Organisation Data Service codes because these identifiers are widely used across NHS systems and reporting processes [8].
Metadata would explain where data originated, what each field means, how often it is updated and which transformations were applied. It should also record data ownership, sensitivity, validation rules and data lineage.
An aggregate table called Aggregate_Monthly_Performance could store monthly results for patient activity, waiting lists, bed occupancy, average length of stay, readmissions, agency costs and budget variance. Referral-to-treatment measures should follow national definitions, which measure the time from referral to consultant-led elective treatment [10]. Aggregate tables would improve dashboard speed while detailed fact tables would remain available for further investigation.
[bookmark: _Toc236389436]2.3 Data Marts and Schema
The warehouse should provide several data marts to support different management responsibilities.
The Executive Performance Mart would combine major measures from the patient activity, capacity, workforce, finance and quality schemas. It would show waiting lists, bed occupancy, staffing levels, expenditure and clinical outcomes. The Chief Executive could view national performance and then drill down by region, ICS, trust, hospital or specialty.
The Operations Mart would mainly use patient activity and capacity data. It would include emergency demand, admissions, discharges, bed availability, theatre use, appointments and delayed discharges. Operational managers could use this information to identify bottlenecks and redistribute resources.
The Finance Mart would contain budgets, actual expenditure, tariffs, treatment costs, agency spending and overtime. By sharing Organisation, Date, Service and Specialty dimensions with the other marts, financial results could be compared with patient activity and outcomes.
The Clinical Quality Mart would contain readmissions, mortality indicators, infections, safety incidents, treatment outcomes and patient satisfaction. It would support comparisons between hospitals and specialties while considering patient and treatment characteristics.
The Workforce Mart would contain shifts, staffing levels, vacancies, sickness absence, overtime and agency use. These marts should remain governed views of the central warehouse rather than separate departmental databases. This would reduce duplication and prevent departments from producing conflicting versions of the same performance measure.
[bookmark: _Toc236389437]2.4 Simplified ETL Plan
Table 2. Source-to-target ETL plan
	Warehouse table
	Main source
	Main transformations

	Dim_Patient
	EPR and PAS
	Validate NHS numbers, remove duplicates, pseudonymise identifiers and standardise demographics

	Dim_Staff
	HR, payroll and rostering
	Match staff IDs, standardise roles and classify employment type

	Dim_Organisation
	Local systems and ODS
	Replace local names with recognised organisation codes

	Fact_Patient_Activity
	EPR, PAS and clinical systems
	Link encounters, validate codes and calculate waiting time and length of stay

	Fact_Capacity
	Bed and ward systems
	Standardise ward records and calculate occupancy

	Fact_Workforce_Shift
	Rostering and payroll
	Compare planned and worked hours and calculate agency use

	Fact_Financial_Activity
	Finance and costing systems
	Map cost centres, tariffs and financial periods

	Monthly aggregates
	Warehouse fact tables
	Group results by month, organisation, region and specialty


Records that fail validation should be moved to an exception area for correction instead of being included in management reports.
[bookmark: _Toc236389438]2.5 Data Quality and Governance
Data quality controls should cover accuracy, completeness, consistency, validity, uniqueness and timeliness. Health information is special-category personal data under UK GDPR and requires an Article 6 lawful basis and an Article 9 processing condition [11]. NHS England should use encryption, pseudonymisation, role-based access, audit logs, retention rules and Data Protection Impact Assessments. Named data owners should approve definitions and investigate quality problems.
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