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NHS England Data Warehouse Report


1.1 OLTP vs Data Warehouse
NHS England already uses Online Transaction Processing systems, also called OLTP systems. These include Electronic Patient Records, Patient Administration Systems, clinical systems, workforce systems and financial systems. These systems are used every day to record and update healthcare activities. For example, an EPR system records patient diagnoses, treatments and discharge information. A PAS records referrals, appointments, admissions and patient movement through hospitals.
OLTP systems are very important because they help staff complete daily tasks quickly and accurately. However, they are mainly designed for recording transactions, not for large-scale reporting and analysis. In NHS England, data is stored in many separate systems across hospitals, departments and regions. This can make it difficult for senior leaders to see the full picture of healthcare performance across the country. [1]
A data warehouse is different because it brings data from many systems into one central place. It does not replace the existing NHS systems. Instead, it takes selected data from systems such as EPR, PAS, workforce and finance systems, then cleans and organises it for reporting. [1]
For NHS England, a data warehouse would help the CEO and board understand important areas such as patient flow, bed usage, workforce capacity, waiting lists, treatment costs and quality of care. This would support better planning and better decision-making. Therefore, OLTP systems support daily healthcare work, while a data warehouse supports analysis, reporting and long-term management decisions. [10]






1.2 Data Warehouse Architecture and ETL
A data warehouse for NHS England would bring data from different healthcare systems into one central place for reporting and analysis. The main source systems would include Electronic Patient Records, Patient Administration Systems, clinical systems, workforce systems and financial systems. These systems already collect important data about patients, appointments, admissions, treatments, staff, costs and hospital performance. [3]-[5]
The data warehouse architecture would have four main parts: source systems, ETL process, central data warehouse and reporting tools. [1]
[image: ]

The ETL process is important because it prepares the data before it enters the warehouse. 
Extract means taking selected data from NHS systems. For example, admission data can be taken from PAS, treatment data from EPR, staff shift data from workforce systems and cost data from financial systems.
Transform means cleaning and standardising the data. For example, different hospitals may record service names, staff roles or treatment codes in slightly different ways. The ETL process would make these formats consistent. It would also remove duplicate records, correct missing data where possible and prepare useful measures such as average length of stay, bed occupancy rate and monthly treatment cost. [1]
Load means placing the cleaned data into the central data warehouse. This can be done at planned times, such as overnight or during low-activity periods, so that daily hospital operations are not disrupted. [1]
This approach reassures the CEO and board because the data warehouse does not replace or interfere with the systems used by doctors, nurses, administrators and finance teams. Staff would continue using their normal systems for daily work. The data warehouse would only take copied data for reporting and analysis. 
For NHS England, this architecture would create a clearer national view of healthcare performance. It would help leaders compare regions, monitor waiting lists, check bed usage, review workforce pressure, understand costs and improve patient care decisions.

1.3 Data Marts for Management Decision-Making
A data mart is a smaller part of a data warehouse that is designed for a specific department or group of users. Instead of giving every manager access to the full data warehouse, NHS England can create separate data marts for different leadership needs. This makes reporting easier, faster and more focused. [1], [3]
For the Chief Executive, the main data mart would be an operations data mart. This would include information about patient flow, bed usage, waiting lists, admission rates, discharge delays and regional performance. This would help the Chief Executive understand how well NHS services are performing across England. For example, the CEO could see which regions have high bed pressure, long waiting times or delays in patient discharge. This would support better planning and faster decision-making.
For the Finance Director, NHS England would need a finance data mart. This would include treatment costs, national tariffs, budgets, expenditure, cost per patient episode and financial performance by region or service. This would help the Finance Director monitor whether NHS services are staying within budget. It would also help identify areas where costs are increasing, such as agency staff, specialist treatments or long hospital stays.
For the Medical Director, NHS England would need a clinical quality data mart. This would include readmission rates, mortality indicators, patient safety incidents, clinical outcomes and patient satisfaction scores. This would help the Medical Director monitor quality of care and patient outcomes across hospitals and regions. For example, if one hospital has a higher readmission rate than others, this could be investigated.
These data marts would all use data from the same central data warehouse. This means the CEO, Finance Director and Medical Director would each receive reports that match their role, but the data would still come from one trusted source. This would reduce confusion, improve consistency and help NHS England make better decisions. [10]

1.4 OLTP Normalisation vs Data Warehouse Dimensional Modelling
OLTP systems and data warehouses store data in different ways because they have different purposes. OLTP systems are usually designed using normalisation. This means data is divided into many smaller related tables to avoid duplication and to make daily updates accurate. For example, in an NHS Patient Administration System, patient details may be stored in one table, appointments in another table, admissions in another table and hospital wards in another table. This is useful for daily work because staff can update patient records, appointments and admissions without repeating the same information many times. [1]
However, normalised OLTP structures can be difficult for large reports because the system may need to join many tables together. This can slow down analysis and make reporting more complex, especially when NHS England needs to compare data across hospitals, regions and services.
A data warehouse uses dimensional modelling instead. Dimensional modelling is designed for analysis and reporting. The most common structure is a star schema. A star schema has a central fact table connected to several dimension tables. The fact table stores measurable events, while the dimension tables describe the event. [2], [9]
For NHS England, a fact table could be Fact_Patient_Activity. This table could store measures such as number of admissions, length of stay, waiting time, treatment cost and readmission count. Around this fact table, there could be
dimension tables such as Dim_Patient, Dim_Hospital, Dim_Service, Dim_Date, Dim_Staff and Dim_Treatment.
[image: ]This model makes reporting easier because managers can quickly analyse patient activity by hospital, date, service type, treatment or staff group. For example, NHS England could use the star schema to check which hospitals have the longest waiting times, highest bed usage or highest treatment costs. Therefore, OLTP normalisation is best for daily transactions, while dimensional modelling is better for analysis and decision-making.

Task 1 Conclusion: Task 1 shows that NHS England needs both OLTP systems and a data warehouse. OLTP systems are necessary for daily healthcare work, such as recording appointments, admissions, treatments and staff activity. However, they do not easily provide a full national view of performance. A data warehouse would bring important data together from different NHS systems and organise it for analysis. With ETL, data marts and dimensional modelling, NHS England would be able to improve reporting, monitor performance and make better decisions about patient care, finance, workforce and service planning.
2.1 Source System Identification
NHS England’s data warehouse would use data from both internal and external source systems. The main internal sources would include Electronic Patient Records, Patient Administration Systems, clinical systems, workforce management systems and financial systems. These systems would provide data about patients, referrals, appointments, admissions, treatments, diagnoses, staff shifts, sickness absence, agency usage, budgets, costs and treatment activity.
External sources could include public health data, national performance targets, regulatory data, demographic data and national tariff information. These external sources would help NHS England compare internal performance with wider health trends, population needs and national standards. [3], [4]
Using these sources together would allow NHS England to build a clearer view of healthcare performance across hospitals, services and regions. This would support better reporting on patient flow, waiting lists, workforce pressure, treatment costs and quality of care. [10], [15]

2.2 Star Schema Design
For NHS England’s data warehouse, the proposed star schema is designed around patient activity. This is suitable because patient activity connects many important NHS operations, including admissions, appointments, treatments, waiting times, staff usage, hospital capacity and treatment costs. A star schema is useful because it places the main measurable data in a central fact table and connects it to dimension tables that describe the data. [2], [9]
The proposed star schema is shown below:
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The central table in this design is Fact_Patient_Activity. This is the main fact table because it stores the measurable healthcare activity that NHS England needs to analyse. It includes keys such as Activity_Key, Patient_Key, Hospital_Key, Service_Key, Date_Key, Staff_Key and Treatment_Key. These keys connect the fact table to the dimension tables. The fact table also includes measures such as Admissions_Count, Appointment_Count, Length_of_Stay, Waiting_Time, Treatment_Cost and Readmission_Count. These measures allow NHS England to analyse performance across hospitals, services, regions and time periods.
The Dim_Patient table stores patient master data. This includes Patient_Key, NHS_Number, Age_Group, Gender, Postcode_Area and Ethnicity. This helps NHS England analyse demand from different patient groups. However, sensitive patient data should be protected, and reports should use grouped or anonymised information where possible. [6]-[8]
The Dim_Hospital table stores hospital and location master data. It includes Hospital_Key, Hospital_Name, NHS_Trust, Region and Hospital_Type. This allows NHS England to compare performance between hospitals, trusts and regions, such as London, the Midlands, South West England and Northern England.
The Dim_Service table stores service metadata. It includes Service_Key, Service_Name, Service_Type and Care_Pathway. This helps NHS England analyse different services such as emergency care, elective care, mental health, cancer treatment, cardiac care and community services.
The Dim_Date table supports time-based reporting. It includes Date_Key, Full_Date, Day, Month, Quarter, Year and Weekday. This allows NHS England to monitor monthly waiting times, yearly treatment costs, seasonal demand and changes in patient flow over time.
The Dim_Staff table supports workforce analysis. It includes Staff_Key, Staff_Role, Department, Shift_Type and Employment_Type. This helps NHS England review staff pressure, overtime, agency staff usage and staff availability across departments.
The Dim_Treatment table stores treatment and procedure metadata. It includes Treatment_Key, Treatment_Name, Procedure_Code, Treatment_Category and Clinical_Specialty. This supports analysis of treatment activity, treatment cost and clinical performance.
The design also includes an aggregate table called Agg_Monthly_Performance_Summary. This table stores summarised monthly data, such as Total_Admissions, Average_Waiting_Time, Average_Length_of_Stay, Bed_Occupancy_Rate, Total_Treatment_Cost and Readmission_Rate. This aggregate table is useful because it makes regular monthly reporting faster for senior managers. [2]
Overall, this star schema gives NHS England a clear structure for analysing healthcare performance. It supports reporting on patient flow, waiting lists, bed usage, workforce pressure, treatment costs and quality of care. This makes it useful for operational, financial and clinical decision-making across NHS England.






2.3 Data Marts and Schema
NHS England can use different data marts for different departments. A data mart is a smaller part of the main data warehouse. It only contains the data needed by a certain team or manager. [1], [3]
The operations data mart would include admissions, appointments, waiting times, bed use, length of stay, discharge delays and patient flow. It would use data from Fact_Patient_Activity and tables such as Dim_Hospital, Dim_Service, Dim_Date and Dim_Patient. This would help managers see where hospitals are under pressure and where delays are happening.
The finance data mart would include treatment costs, budgets, spending, national tariffs and cost per patient episode. It would use hospital, treatment, service and date data. Finance managers could use it to check if services are staying within budget and to find areas where costs are rising.
The clinical quality data mart would include readmission rates, mortality figures, patient safety incidents, treatment results and patient satisfaction. This would help the Medical Director compare hospitals and services and find areas where patient care needs to improve.
The workforce data mart would include staff roles, departments, shift patterns, overtime, sickness absence, agency staff use and staff availability. It would use Dim_Staff, Dim_Hospital, Dim_Service and Dim_Date. This would help managers find staff shortages and plan shifts better.
All these data marts would use data from the same central warehouse. This means every department would use the same trusted information, even though each team would see reports made for its own needs.







2.4 ETL Plan
NHS England would use ETL to move data from different systems into the data warehouse. Patient and admission data would come from EPR and PAS systems. Staff data would come from workforce systems, while costs and budgets would come from finance systems. Patient and hospital dimensions would mainly use EPR and PAS data, staff dimensions would use workforce systems, treatment dimensions would use clinical systems, and financial measures would use finance systems. [1], [4]
During the extract stage, selected data would be copied from these systems. During the transform stage, duplicate records would be removed, missing values would be checked, and dates, hospital names, service names and treatment codes would be made consistent. Patient details would also be protected before the data is used for reporting. [7], [8]
During the load stage, the cleaned data would be placed into fact tables, dimension tables and the monthly summary table. This process could run overnight or during quiet periods so that normal hospital work is not affected. [1]
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2.5 Data Quality and Governance
NHS England must make sure the data in the warehouse is correct, complete and consistent. During ETL, duplicate records should be removed, missing values checked, and hospital names, dates and treatment codes made the same across all systems. Patient information must be protected and only used by approved staff. Access should depend on each person’s job role. NHS England must also follow data protection rules and regularly check the warehouse for errors, security risks and misuse. [6], [7], [11]-[14]


Task 2 Conclusion
Task 2 shows how NHS England can build a useful data warehouse from many different data sources. The source systems would provide patient, clinical, workforce, financial and public health data. The star schema would organise this data into fact, dimension and summary tables, making reports easier to produce.
The data marts would give each department the information it needs, while the ETL process would clean and prepare the data before loading it into the warehouse. Good data quality, privacy and access control would also be important. Together, these parts would help NHS England improve reporting, compare performance and make better decisions about patient care, staffing, costs and hospital services.
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NHS England Star Schema for Patient Activity Analysis
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NHS England Data Warehouse - Star Schema Design
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NHS England ETL Flow for the Data Warehouse
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