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[bookmark: _Toc234529818]                                              Introduction
NHS England manages a large amount of healthcare data every day. Information is collected from many different systems, including Electronic Patient Records (EPR), Patient Administration Systems (PAS), clinical systems, workforce systems and financial systems. Although these systems work well for daily operations, they do not provide a single view of healthcare performance across the organization.
This report explains how a data warehouse can help NHS England bring data together into one central system for reporting and decision-making. It also presents a proposed data warehouse design, including a star schema, data marts and an ETL process. Finally, the report explains how good data quality and governance can help ensure that information is accurate, secure and reliable for managers across NHS England.



[bookmark: _Toc234529819]                                                                                Task 1

NHS England manages one of the largest healthcare systems in the world, providing services through hospitals, community providers, mental health organizations and specialist treatment centers. Every day these organizations produce a large amount of operational and clinical data. Information is stored in Electronic Patient Record (EPR) systems, Patient Administration Systems (PAS), workforce management applications, laboratory systems and financial databases. Although these systems support daily healthcare activities, they work mainly as separate operational systems and are not designed to provide a complete national view of healthcare performance.
As a data warehousing consultant, the purpose of this report is to explain how a data warehouse can support NHS England in improving decision making, operational efficiency and patient care. The report compares operational databases with data warehouses, explains suitable data warehouse architecture and the Extract, Transform and Load (ETL) process, discusses the use of data marts for different management teams and introduces dimensional modelling using a healthcare star schema.
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                                                 1.1 OLTP Systems and Data Warehouses

Online Transaction Processing (OLTP) systems are designed to support the daily activities of an organization.[5]  Within NHS England these systems include Electronic Patient Records (EPR), Patient Administration Systems (PAS), workforce management applications, laboratory information systems and finance systems. Their main purpose is to record transactions quickly and accurately while supporting thousands of users working at the same time. Every patient’s admission, appointment booking, prescription, laboratory result or staff shift is recorded as an individual transaction. Because healthcare staff need immediate access to current information, OLTP systems are optimized for fast updates and high reliability.
Most OLTP databases are highly normalized. Data is divided into many related tables to reduce duplication and maintain consistency. For example, patient information, hospital details, diagnoses and appointments are usually stored separately and connected through primary and foreign keys. This structure works well for operational systems because it improves data integrity and allows information to be updated efficiently.
Although OLTP systems are essential for delivering healthcare services, they are not suitable for strategic analysis. NHS England collects data from hundreds of hospitals and healthcare providers across the country. If senior managers wanted to analyses national waiting times, compare hospital performance or monitor bed occupancy over the last five years, they would need to combine information from many different operational systems. Running these complex analytical queries directly on OLTP databases could slow down operational performance and affect healthcare services.
A data warehouse has a different purpose. Instead of processing day-to-day transactions, it stores integrated historical data collected from multiple operational systems.[6] Information is extracted from source systems, cleaned, standardized and loaded into a central repository where it can be analyzed more efficiently. Since the warehouse contains historical information, managers can compare trends over time, identify patterns and evaluate organizational performance without affecting the operational systems used by doctors and nurses.
For NHS England, a data warehouse would combine patient activity, workforce information, financial data and operational performance into a single environment. This would allow senior management to access consistent reports and dashboards showing waiting times, patient flow, treatment costs, staff availability and clinical outcomes. Instead of relying on separate reports produced by individual NHS Trusts, decision makers would have access to one trusted source of information across the whole healthcare system.[1]

Table 1 summarizes the main differences between an OLTP system and a data warehouse.

	Feature
	OLTP System
	Data Warehouse

	Purpose
	Supports daily healthcare operations
	Supports reporting and strategic decisions

	Data
	Current operational data
	Historically integrated data

	Users
	Doctors, nurses, administrators
	Executives, analysts, managers

	Database design
	Normalized
	Dimensional (Star Schema)

	Queries
	Short transactions
	Complex analytical queries

	Updates
	Continuous
	Scheduled ETL loads

	Example
	Patient registration, appointment booking
	National waiting time analysis, financial reporting


In summary, OLTP systems and data warehouses perform different functions but work together. Operational systems ensure that healthcare services continue without interruption, while the data warehouse transforms operational data into meaningful information that supports planning, performance monitoring and long-term decision making across NHS England.

                                                                             1.2 Data Warehouse Architecture and ETL
NHS England uses many information systems to manage healthcare services across hospitals, community providers and specialist centers.[1] Each system stores different information and supports a specific part of healthcare delivery. For example, Electronic Patient Record (EPR) systems store patient information, Patient Administration Systems (PAS) manage admissions and appointments, clinical systems record diagnoses and treatments, workforce systems contain staff information, while finance systems record costs, budgets and payments. Although these systems work well on their own, they do not provide a single view of healthcare performance across England.
To solve this problem, NHS England can implement an Enterprise Data Warehouse (EDW).[7]  The data warehouse does not replace the existing systems. Instead, it collects a copy of their data, stores it in one central location and makes it available for reporting and analysis. This allows senior managers to access consistent information without affecting the systems used by doctors, nurses and administrative staff during daily healthcare activities.
The proposed architecture contains four main components. The first component is the operational source systems. These include EPR, PAS, clinical applications, workforce management systems and financial systems. Each source continues to perform its normal operational tasks, such as registering patients, recording treatments, managing staff shifts or processing financial transactions.
The second component is the staging area, where the ETL process takes place. ETL stands for Extract, Transform and Load. [6] During the extraction stage, copies of data are collected from the operational systems at scheduled intervals, usually overnight or during periods of low activity. Because the warehouse works with copied data rather than live transactions, normal hospital operations continue without disruption.
During the transformation stage, the extracted data is prepared before it is stored in the warehouse. Duplicate records are removed, missing values are checked and different data formats are converted into a common standard. Clinical information is validated using coding standards such as ICD-10 for diagnoses and OPCS-4 for procedures.[2] Staff information, hospital names and department names are also standardized so that data coming from different NHS Trusts can be analyzed together.
Finally, the cleaned data is loaded into the Enterprise Data Warehouse. From there, information is organized into data marts that support different business areas such as finance, clinical quality and operational performance. Business intelligence tools, including Microsoft Power BI, can connect to these data marts and provide dashboards that help managers monitor waiting lists, bed occupancy, workforce availability, treatment costs and patient outcomes.[4]
This architecture allows NHS England to analyses large amounts of healthcare data while keeping operational systems independent. Doctors and nurses continue using the EPR and PAS systems as usual, while managers receive reliable information from the data warehouse to support planning and decision making.
Figure 1. Proposed Data Warehouse Architecture for NHS England
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After the data has been collected and stored in the Enterprise Data Warehouse, it can be organised into smaller databases called data marts. Each data mart is created for a specific department or management team. This means that managers only see the information they need instead of searching through large amounts of data. The information is already organised, so reports are faster to produce and easier to understand.[6]
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The CEO needs a general view of how NHS England is performing across the country. The CEO data mart can combine information from patient records, hospital activity and workforce systems to produce reports about waiting times, national Key Performance Indicators (KPIs), patient flow, bed occupancy, regional performance and the elective treatment backlog. Looking at this information in one place helps the CEO compare hospitals, identify areas with high demand and decide where extra staff or funding may be needed. Because the data warehouse stores historical data, the CEO can also compare current performance with previous months or years and see if services are improving.
The Finance Director needs financial information to control spending and plan future budgets. The finance data mart brings together information from finance systems, workforce systems and patient activity. It can show budgets, expenditure, treatment costs, national tariffs, cost per patient and agency staff costs. Having all this information in one place makes it easier to see where money is being spent, compare costs between hospitals and identify areas where spending is increasing. This helps the Finance Director make better budgeting decisions while making sure NHS resources are used effectively.
The Medical Director is responsible for improving the quality of patient care. The clinical data mart contains information taken from Electronic Patient Records (EPR), clinical systems and hospital activity. Reports can include clinical outcomes, mortality rates, readmissions, patient safety incidents, infection rates and theatre utilisation. By reviewing these reports, the Medical Director can identify hospitals that may need extra support, monitor the quality of treatments and check whether changes are improving patient care. Comparing results over time also helps NHS England improve clinical services across different regions.
Overall, data marts allow different managers to work with the same trusted information from the Enterprise Data Warehouse while focusing only on the data related to their own responsibilities. This helps NHS England make faster decisions, improve planning and provide better healthcare services.
[bookmark: _Toc234529821]                   1.4 OLTP Normalisation vs. Data Warehouse Dimensional Modelling
In OLTP systems, data is usually stored in a normalised structure. This means that the data is split into many smaller tables to reduce duplication and keep the information accurate. For example, patient details, hospital details, appointments, diagnoses and staff records may all be stored in separate tables. This is useful for daily NHS systems such as EPR and PAS because information can be updated quickly and safely.[5]
However, this structure is not always suitable for reporting. If managers want to analyse waiting times, treatment activity or hospital performance, the system may need to join many tables together. This can make reports slower and harder to produce, especially when data comes from many hospitals and systems.
A data warehouse uses dimensional modelling instead. In this model, the data is organised around a central fact table and several dimension tables.[6] The fact table stores the main activity or event that is being measured, such as patient activity, treatment cost or hospital admission. The dimension tables describe the event in more detail, such as the patient, hospital, date, treatment and staff involved.
A common design used in data warehouses is the star schema. It is called a star schema because the fact table is placed in the centre and the dimension tables are placed around it. This design is easier for managers and reporting tools to understand because the data is organised around business questions, not daily transactions.[6]
For NHS England, a star schema could be based on patient activity. The central table could be called FactPatientActivity, and it could include measures such as number of admissions, waiting time, length of stay and treatment cost. Around this fact table, dimension tables such as DimPatient, DimHospital, DimTreatment, DimDate and DimStaff would provide more detail.
The star schema is better for reports because it is simpler, faster to query and easier to use in dashboards. It allows NHS England to analyse performance by hospital, date, treatment type, patient group or staff group without affecting the operational OLTP systems used by doctors, nurses and administrators.NHS Star Schema – Patient Activity
DimPatient
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                                                     2.1 Source System IdentificationFactPatientActivity
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The NHS England data warehouse would collect data from several internal and external sources. [1] The main internal sources would include Electronic Patient Records (EPR), which store patient diagnoses, treatments, test results and clinical notes. Patient Administration Systems (PAS) would provide data about appointments, admissions, discharges and waiting lists. Clinical systems, such as laboratory, pharmacy and theatre systems, would provide information about tests, medicines, operations and clinical outcomes.
Workforce systems would supply staff data, including roles, departments, shifts, absences and agency staff use. Financial systems would provide budgets, expenditure, treatment costs and payments. External sources could include national NHS performance data, public health information, demographic data and regulatory reporting requirements. Bringing these sources together would give NHS England a clearer view of activity, cost, quality and performance.[2]
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                                         2.2 Star Schema Design
To support reporting and decision-making, NHS England should use a star scheme as the main structure for the Enterprise Data Warehouse.[6]  The star schema is designed for reporting because it is simple, easy to understand and allows large amounts of data to be analyses quickly. Instead of storing information in many connected tables, like an OLTP database, the star schema stores business activities in one central fact table with several dimension tables around it.
The main fact table can be called FactPatientActivity. This table stores the healthcare activities that NHS England wants to analyses. Each record represents a patient activity, such as hospital admission, outpatient appointment or treatment. The table contains measurable values including waiting time, length of stay, treatment cost and the number of procedures performed. These values can be added together or compared when creating reports.
Around the fact table are several dimension tables that provide more information about each activity. DimPatient contains patient information such as patient ID, age group, gender and postcode area. Personal information should be limited or anonymized to protect patient privacy. DimHospital stores information about NHS Trusts, hospitals, departments and regions. This allows managers to compare performance between hospitals and different parts of England.
DimTreatment contains information about diagnoses, procedures and treatment types using NHS coding standards such as ICD-10 and OPCS-4.[2]  DimDate stores calendar information including day, month, quarter and year, making it possible to compare healthcare activity over different time periods. DimStaff contains information about doctors, nurses and other healthcare staff, including job role, department and staff grade.
The warehouse should also include metadata tables. One example is DimServiceType, which describes the type of healthcare service, such as emergency care, outpatient care, inpatient care or mental health services. Metadata tables help users understand the meaning of the data and make reporting more consistent across the organization.
In addition to detailed patient activity, the warehouse can include aggregate tables for reporting. A table such as FactMonthlyPerformance stores monthly performance indicators for each hospital. This table may include the total number of admissions, average waiting time, bed occupancy, treatment costs and mortality rates. Because the information is already summarized, reports can be produced much faster without reading every individual patient record.
The star schema provides a clear structure for the NHS data warehouse. Managers can analyse information by patient, hospital, treatment, staff member or time while using the same trusted data stored in the Enterprise Data Warehouse. This makes reporting faster and supports better planning across NHS England.[6]















                   NHS England – Star Schema Design for Enterprise Data Warehouse











DimPatien
PatientKey (pk)
NhsNumber (hash/masked)
AgeGroup
Gender
Ethincity
PostcodeArea
PatientGroup (LTC,Child<Adult)
-WaitingTimeDays (avg)
-LengthOfStayDays (Avg)
-TreatmentCost # (sum)
-ReadmissionsFlag (count) 

Measures (Additive)
FactPatientActiviry
-TotalAdmissions (sum)         -BedOccupancyRate (avg)
-AvgWaitingTimeDays (avg)  -ReadmissionRate % (avg)
-AvgLengthOfStayDays (avg)   -MortalityRate % (avg)
-TotalTreatmentCost $ (sum)  -CancelledOperations (sum) 
Measures (Additive)
ServiceTypeKey (pk)
ServiceTypeCode
ServiceTypeName
ServiceCategory (Acute, mental health)
CareSetting (Independent, outpatient, emergency)

DimServiceType
PatientKey (fk)
HospitalKey (fk)
TreatmentKey (fk)
DateKey (fk)
StaffKey (fk)
ServiceTypeKey (Fk)

Foreign Keys
FactMonthlyPerformance (Aggregate)
DimHospital
HospitalKey (pk)
HospitalCode (ODS Code)
HospitalName
HospitalType (Acute, Community, Mental Health)
ICB (Integrated Care Board)
Region
Ward/Department
DimTreatment
TreatmentKey (pk)
ICD10Cide (Diagnosis)
ICD10Description
OPCSCode (Procedure)
OPCSDescription
TreatmentType
ClinicalCategory
Fac Table
Contains Measurable patient activities

Dimenstion Table
Contains descriptive attributes.

Aggregate Table
Contains pre-calculated monthly performance idicators

PK – Primary Key
FK – Foreign Key
- Measurable Attribute



StaffKey (pk)
StaffName (Masked)
Role (Doctor, Nurse)
StaffGroup
Department
GradeBand
ContractType (Permanent, Locu, Agency)
DateKey (pk)
FullDate
Day
DayOfWeek
Week
Month
Quarter
year
FinacialYear
HospitalKey (FK)   DateKEY (FK)    ServiceTypeKey (FK)
DimDate
Foreign Keys
DimStaff

















[bookmark: _Toc234529823]                                       2.3 Data Marts and Schema
The Enterprise Data Warehouse can be divided into different data marts to support each management area. [6]Each data mart would use the same trusted data from the main warehouse, but it would only include the tables and measures needed by that department.
The Operations Data Mart would mainly support the CEO and operational managers. It would use tables such as FactPatientActivity, FactMonthlyPerformance, DimHospital, DimDate and DimServiceType. This data mart would show waiting times, bed occupancy, patient flow, admissions, discharges, regional performance and the elective backlog. It would help managers see where hospitals are under pressure and where extra resources may be needed.
The Finance Data Mart would support the Finance Director and finance teams. It would include FactPatientActivity, FactMonthlyPerformance, DimHospital, DimTreatment, DimStaff and DimDate. The main data would include treatment costs, cost per patient, budgets, expenditure, national tariffs and agency staff costs. This would help the finance team compare spending between hospitals and understand which services are becoming more expensive.
The Clinical Quality Data Mart would support the Medical Director and clinical leadership teams. It would use FactPatientActivity, DimPatient, DimTreatment, DimHospital, DimDate and DimServiceType. This data mart would focus on clinical outcomes, mortality, readmissions, patient safety, infection rates and theatre utilisation. It would help NHS England monitor care quality and identify areas where patient outcomes need to improve.
Overall, data marts make the warehouse easier to use because each department receives information that matches its own responsibilities.
Example of Data Marts used by different NHS departments.
Enterprise Data Warehouse (EDW)
Single, trusted source of integrated NHS data for reporting and analysis

Key Data and Measures

Clinical Outcomes
Mortality Rates
Readmissions
Infection Rates
Patient Safty Incidents
Theatre Utillisation
Length of Stay
Treatment Effectiveness
Quality Indicator
Key Data and Measures

Budgets
Expenditure
Treatment Costs
Cost per Patient
National Tariffs
Income and Payments
Agency Staff Costs
Cost by Service Type
Finacial Performce
Key Data and Measures

Waiting Times
Bed Occupacy
Patient Flow
Admissions
Elective Backlog
Discharges
Cancelled Operations
Regional Performance
Service Utilisation
Finance Data Mart
(Finance Director)
Operation Data Mart
(CEO)
Clinical Quality Data Mart
(Medical Director)



[bookmark: _Toc234529824]                                               2.4 ETL Plan
The ETL process would collect data from the NHS source systems before loading it into the Enterprise Data Warehouse. Patient and treatment data would be extracted from EPR, PAS and clinical systems. Staff data would come from workforce systems, while cost and budget data would come from financial systems.[6]
During transformation, the data would be cleaned and standardised. Duplicate patient records would be removed, missing values would be checked and hospital names, treatment codes and staff roles would be converted into the same format. Clinical codes such as ICD-10 and OPCS-4 would also be checked for consistency.
After transformation, the cleaned data would be loaded into the dimension tables, fact tables and monthly performance tables. The ETL process could run overnight to avoid affecting daily hospital operations.
1. Source Systems


Dimension Table
Patient
Hospital
Treatment
Staff
Date
Service Type
Fact Tables
FactPatientActivity
(detailed patient events)

FactMonthlyPerformance
(monthly aggregates)
Monthly performance indicators

KPIs for reporting
Aggregate Tables
Load transformed data into the enterprise data warehouse
(dimensions, fact tables and aggregate tables)
4. Load
Clean, validate and standardize data:
remove duplicates, handle missing values, format dates, stand arise code (ICD-10, OPCS-4), map to reference data.
3. Transform
Extract required data from all source systems using scheduled queries and APIs.
2. Extract
EPR / Clinical     |      PAS / Patient      |      Workforce /       |      Finance /       |      Other Reference
    Systems           |   Administration     |      HR Systems      | Cost Systems  |                   Data                   

[bookmark: _Toc234529825]                                      2.5 Data Quality & Governance
Good data quality is important for a successful NHS data warehouse. During the ETL process, data should be checked for accuracy, completeness and consistency. Duplicate records should be removed and missing or incorrect values should be corrected where possible. Patient information must be protected by following GDPR and NHS data security rules. [3][8] Access to the warehouse should be controlled using user roles, so staff can only view the data they need. Regular audits should also be carried out to keep the data reliable and secure.
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                                                  Conclusion
This report has shown how a data warehouse could help NHS England improve reporting and decision-making. By bringing together data from systems such as EPR, PAS, clinical, workforce and financial systems, NHS England can create a single source of reliable information. The proposed star schema, data marts and ETL process would provide faster reporting while keeping the operational systems running without disruption. Good data quality and governance would also help protect patient information and ensure that reports are accurate. Overall, the proposed data warehouse would support better planning, improve healthcare performance and help NHS England make more informed decisions.
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