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This report recommends the use of a governed data warehouse to support NHS decision-making. The proposed approach uses shared data definitions and separate data marts for different roles. It begins with key areas such as patient flow, waiting lists, and workforce planning, using read-only data feeds from existing systems. The warehouse should be expanded gradually once the data is accurate, safe to use, and provides clear benefits.This would give the NHS a reliable view of performance without replacing the systems already used to deliver care
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[bookmark: _Toc236712614]Introduction

NHS England uses many clinical, operational, workforce and financial systems to deliver healthcare across different regions and services. These systems support daily work well, and because the data is stored in separate systems, it can be difficult for NHS England to get one clear and consistent view of national healthcare performance.                                                                                                            
This report explains the value of investing in a data warehouse for NHS England. It discusses the difference between OLTP systems and data warehouses, data warehouse architecture, ETL processes, dimensional modelling and data marts for managers. It also proposes an NHS-focused star schema, identifies key data sources and outlines an implementation plan. The plan focuses on data quality, privacy, clinical safety and regulatory compliance. The report is based on NHS England’s healthcare context. Data may come from several NHS regions. 
The data warehouse should include key healthcare data, such as patient details, clinical activity, bed use, waiting lists, staff information, financial records, and quality measures. Including these regions and data types makes the proposed data warehouse relevant to NHS England’s real needs. It would help improve patient flow, workforce planning, financial control, quality monitoring, and decision-making, without disrupting frontline healthcare services.
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Enhancing National Healthcare Performance with Data Analytics
A data warehousing strategy for NHS England
Prepared for: Chief Executive and Board, NHS England
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1. [bookmark: _Toc236712616]NHS England’s national healthcare operations architecture

NHS England's Electronic Patient Record (EPR) and Patient AS
“An EPR is a digital version of a patient’s hospital record, including information such as diagnoses, treatments, medications, and test results. It allows authorised healthcare providers to access and update patient information quickly and securely. “ [1]
“EPRs also provide the foundation for connecting patient records across multiple healthcare organisations. Many trusts work together to deploy joint EPRs, such as One Devon, so they can share patient records across the region.”[1]
NHS England's Electronic Patient Record (EPR), Patient Administration System (PAS), laboratory data, staff duty roster, and NHS finance applications are Online Transaction Processing (OLTP) systems. Used for complete day-to-day operations and transactions: 
· Register new patients. 
· Referrals
· Record patient diagnosis. 
· Book appointments
· Workforce data
· Registering and managing staff shift allocation.
· Human resources subsystem management 
· Finance department operations, invoices.
The EPR is a normalised structure that stores facts, contains detailed validation and supports input and updates. The design is therefore optimised for the current operational state.
“A shared care record is a safe and secure way of bringing electronic records from different health and care organisations together digitally in one place.”[1]







1.1 [bookmark: _Toc236712617]OLTP systems compared with a data warehouse

OLTP Online Transaction Processing
“Online transaction processing (OLTP) is the real-time data processing behind ATM withdrawals, credit card payments, ticketing and reservation systems, online shopping, and electronic commerce in general. Online transaction processing systems are purpose-built to handle large numbers of transactions by large numbers of concurrent users. OLTP databases provide the back end or storage layer for electronic commerce, and in fact for most modern computer applications. While OLTP databases have traditionally been SQL relational databases, it’s also possible to use some NoSQL databases for the same purposes. Most of our discussion below will be in terms of SQL relational databases. “ [2]

Data warehouse
“A data warehouse is a type of data management system that is designed to enable and support business intelligence (BI) activities, especially analytics. Data warehouses are solely intended to perform queries and analysis and often contain large amounts of historical data. The data within a data warehouse is usually derived from a wide range of sources such as application log files and transaction applications. A data warehouse centralizes and consolidates large amounts of data from multiple sources. Its analytical capabilities allow organizations to derive valuable business insights from their data to improve decision-making. Over time, it builds a historical record that can be invaluable to data scientists and business analysts. Because of these capabilities, a data warehouse can be considered an organization’s “single source of truth.” [3]
A data warehouse has a different job. It takes selected data from existing systems and brings it together in one place for reporting and analysis. It keeps historical data, uses shared definitions and allows large queries to run without slowing down frontline systems.
This helps leaders compare things like bed occupancy, RTT waiting times, agency costs, outcomes and budgets across ICSs, Trusts, services and months. It supports safer and better decision-making across the NHS.
The warehouse supports OLTP systems rather than replacing them. It can reduce spreadsheet checking, make reports more consistent and improve future planning.
However, it only becomes a trusted source when measures have clear owners, data is updated regularly, and quality problems are clearly shown.                                    
Figure 1: Table of differentiation between OLTP and Enterprise Data Warehouse [3]

	Characteristic
	OLTP (EPR, PAS,)
	Enterprise Data Warehouse

	Primary purpose
	Deliver and record individual care or business events
	Explain performance, trends and relationships

	Data
	Current, detailed, application-specific
	Integrated, historical, quality-scored and traceable

	Workload
	Frequent short inserts, look-ups
	Read-heavy aggregation across large populations

	Board value
	Reliable local execution
	One governed view for planning, assurance and intervention


“Once the data warehouse is built, it must be maintained. A major component of maintaining the data warehouse is managing performance, which begins by monitoring the data warehouse environment. Two operating components are monitored on a regular basis: the data residing in the data warehouse and the usage of the data. Monitoring the data in the data warehouse environment is essential to effectively manage the data warehouse.                                                                Some of the important results that are achieved by monitoring this data include the following: 
Identifying what growth is occurring, where the growth is occurring, and at what rate the growth is occurring; identifying what data is being used, calculating what response time the end user is getting, determining who is actually using the data warehouse, specifying how much of the data warehouse end users are using, pinpointing when the data warehouse is being used,                                         recognising how much of the data warehouse is being used, examining the level of usage of the data warehouse.”  [4]
1.2 Data warehouse architecture and ETL

Data warehouse architecture
[image: The diagram illustrates the architecture of the NHS England Enterprise Data Warehouse, detailing various data sources, governance, security measures, and data processing techniques such as ETL, data quality rules, and auditing for data retention and recovery.
The diagram was made by Morgan Dora student 2327894, using canva website.]Figure 2. Proposed NHS England enterprise data warehouse architecture 

Figure 2 proposes a layered architecture. 

Sources include:
· EPR/PAS systems
· Diagnostics and theatre systems
· Bed-management feeds
· Electronic Staff Record and local rostering
· General-ledger, procurement and costing systems
· Incident reporting
· Patient experience 
· Approved external reference data. 
· Interoperability interfaces should favour standards such as HL7 FHIR for exchange.


“HL7 is the global authority on health care interoperability and a critical leader and driver in the standards arena with more than 1,600 members from over 50 countries. “ [5]
“… the contractor is encouraged to use health IT that meets non-proprietary standards and implementation specifications developed by consensus-based standards development organizations, including standards identified in the ONC Interoperability Standards Advisory.” [5]
“While HHS cannot require use of standards if none exist, HL7 recommends that HHS should adopt voluntary consensus standards necessary to support desired functions in the final rule.” [5]
A master-data service maps local organisation, ward, speciality and clinician identifiers to common keys.

Extract, transform and load (ETL)
Extract, transform and load (ETL) is a controlled way of moving data from source systems into a data warehouse.
“During an ETL process, data is first extracted from source systems. In the following transformation phase, data is cleaned up, processed, and transformed into the target schema. Subsequently, during the loading phase, the previously extracted and transformed data are written to the target system, e.g., RIS. This process is the same as transferring enterprise data to the data warehouse. ETL processes generally play an important role in data integration and are used wherever data from different source systems must be transferred to other data storage systems and adapted to new requirements.” [6]
First, data is extracted from feeds, APIs, transaction logs or read-only database copies. This is usually done using only the data that has changed, rather than copying everything again.                                                                                                   The extracted data is placed in a secure landing area.
Next, the data is transformed. This means checking patient identifiers and dates, removing duplicates, standardising codes and units, matching patient records safely, hiding direct personal identifiers where needed, and applying agreed business rules. The process should also record where the data came from, where it went, and whether there were any quality issues.
Then, the data is loaded into the warehouse. This includes adding standard dimensions and detailed fact records, handling late corrections, and keeping historical versions. Clean summary data can then be used in data marts and dashboards.
Reconciliation is important. It should show that the number of records from the source system matches the accepted records, rejected records and final warehouse totals.
Different data can be refreshed at different times. Bed and patient-flow data may require near-real-time updates. Workforce data may only need daily updates. Finance data may need a controlled monthly close.
To protect system availability, the project should use a phased pilot, load testing, rollback plans, monitoring and clear service-level objectives. National NHS platforms can also be reused where they meet the right purpose and assurance requirements. The Federated Data Platform shows the NHS direction of connecting existing data for operational planning, rather than replacing the original source systems.

[bookmark: _Toc236712618]1.3: Data Marts for Management Decision-Making

Role-specific data marts for management decisions
Large data warehouses are very complex data storage; therefore, it is easier to manage large datasets when creating data marts. It makes it easier and faster for users to find the data they need for reports, dashboards, and decision-making.                                                 A data mart is a smaller, controlled view of the main data warehouse. It is designed for a specific subject or group of users, such as finance, clinical quality, or operations.                                                                                                                  Each data mart should use the same shared definitions for patients, dates, organisations, services, and staff. This helps everyone use consistent information, while still giving each department the level of detail and access it needs.
“A data mart reflects the regulations and process specifications of each business unit within an organisation. Each data mart is devoted to a particular business function or region.” [7]
Kimball’s bus architecture [8] builds separate data marts for different NHS departments, while using shared dimensions such as patient, date, organisation, service and staff.                                                                                                                                 This keeps the data consistent and allows different areas, such as finance, operations and clinical quality, to be analysed together.                                                        This architecture is useful because it allows different areas of NHS data to be linked through shared dimensions, without putting all data into one very large table.
“Dimension tables conform when attributes in separate dimension tables have the same column names and domain contents. Information from separate fact tables can be combined in a single report by using conformed dimension attributes that are associated with each fact table. When a conformed attribute is used as the row header (that is, the grouping column in the SQL query), the results from the separate fact tables can be aligned on the same rows in a drill-across report. This is the essence of integration in an enterprise DW/BI system…
…The enterprise data warehouse bus architecture provides an incremental approach to building the enterprise DW/BI system. This architecture decomposes the DW/ Bl planning process into manageable pieces by focusing on business processes, while delivering integration via standardized conformed dimensions that are reused across processes.” [8]

“The enterprise data warehouse bus matrix is the essential tool for designing and communicating the enterprise data warehouse bus architecture. The rows of the matrix are business processes and the columns are dimensions. The shaded cells of the matrix indicate whether a dimension is associated with a given business process.” [8]

“An alternative to creating one large data warehouse is to create data marts, where a data mart contains a subset of the data in the warehouse. Data marts have the advantage of being focused into an area of the business, so they could contain regional or departmental data. However, care should be taken if the data mart approach is used, because instead of creating one data source, many data sources may be required.” [9]

“A data mart is a scaled-down version of a data warehouse.                                                   It is more focused, less complex, and holds a subset of the entire data, often in summary form. It is usually designed for a smaller number of users. Data marts provide fast, specialised access and applications.” [9]




	Decision-maker / mart
	Questions and measures
	Design and controls

	Chief Executive: enterprise performance
	Where are flow, waiting, quality, workforce and financial risks converging? Occupancy, long stays, RTT distribution, elective backlog, productivity, cost variance, safety and equity.
	Monthly board scorecard with daily exception view; drill from England to region, ICS, Trust and service. Thresholds are versioned, and comparisons show confidence and completeness.

	Finance Director: finance and value
	Which providers and pathways overspend? Actual versus budget, tariff income, cost per episode, high-cost drugs/devices, agency spend, theatre cost and unwarranted variation.
	Episode-level cost fact linked to ledger and activity; month-close snapshots; restricted payroll detail; reconciled to the general ledger before certification.

	Medical Director: clinical quality
	Where do outcomes warrant clinical review? Risk-adjusted mortality, 30-day readmission, complications, incidents, infection, diagnostic delay, PROMs and variation by speciality or patient group.
	Pseudonymised longitudinal linkage; minimum cohort suppression; diagnosis/procedure groupers; case-mix adjustment; named clinicians see only authorised populations.


Figure 3. Design measures for different departments for data mart. [9]

For the Chief Executive, the mart should highlight cross-domain relationships rather than encourage target gaming: for example, whether high occupancy and agency use coincide with delayed discharge and readmission. The Finance Director needs auditable reconciliation and period locking, because estimates suitable for operations are not necessarily suitable for statutory reporting. The Medical Director needs patient-level drill-through for authorised quality investigation, but population dashboards should suppress small cells and display uncertainty. All three should see data currency, lineage and a named metric owner. This combination of common facts and audience-specific presentation prevents the familiar problem of three executives arriving with three versions of the same KPI.

1.4 [bookmark: _Toc236712619]OLTP Normalisation vs. Data Warehouse Dimensional Modelling

A normalised OLTP database stores patients, addresses, admissions, diagnoses, procedures, wards, and staff in separate linked tables, usually in 3NF. This avoids repeating data and makes updates easier—for example, a ward name only needs changing once. However, it can make reporting more complicated because national analysis may need lots of joins across different systems. It can also lose historical details when old information is overwritten. However, dimensional modelling uses a simple star layout, making large datasets easier and quicker to report on and analyse.
“Third normal form (3NF), defined in 1971 by Edgar F. Codd, is a set of requirements for database schemas to reduce the duplication of data, avoid data anomalies, ensure referential integrity, and simplify data management. It basically says that any given table only contains fields that are attributes of the primary key.” [2]                                    
A fact table records a business event at a declared grain and contains foreign keys plus numeric or additive measures.                                                                                                       Surrounding dimensions provide descriptive filters.                                                                           In Figure 4, one row in FACT_CARE_EPISODE represents one inpatient or outpatient episode; measures include length of stay, actual cost and tariff, while dimensions describe the patient, dates, organisation, service, diagnosis, procedure and responsible staff. Surrogate keys keep reporting stable even when the original source IDs change.
[image: ]       Figure 4. Patient-activity star schema (author's design). [10]


Denormalisation can repeat some data, but it makes the warehouse simpler and faster to use. It still needs clear rules. Each fact table should represent one type of record, such as one care episode, bed snapshot, staff shift, or waiting pathway. When one episode has several diagnoses, a bridge table or separate diagnosis fact table can manage them. Shared dimensions then help different NHS services be compared safely.
“Dimensional data model commonly used in data warehousing systems as star schema, snowflake schema and fact constellation/galaxy schema. This is various from the third normal form, usually used for Online Transactional Processing (OLTP) systems. As can imagine, the same data would be saved variously in a dimensional model from a third normal form model. “ [7]

[bookmark: _Toc236712620]Task 2. Star schema and implementation plan

[bookmark: _Toc236712621]2.1 Source system identification

The warehouse should only collect data that is needed for clear NHS purposes. Internal data sources should cover the patient journey and the resources used to deliver care. External data sources should provide reference, population and regulatory information.
Each data source should have a named owner, a lawful reason for use, a data-sharing agreement, a refresh schedule and checks to confirm totals are correct. Differences between local NHS Trust systems should also be reviewed before applying national data mappings.
	Source group
	Examples
	Principal warehouse content

	Patient and clinical
	EPR, PAS, e-Referral, pathology, radiology, pharmacy, theatres, community and mental-health systems
	Demographics, referrals, encounters, diagnoses, procedures, observations, tests, medicines and outcomes

	Operations and quality
	Bed/ward systems, waiting lists, ambulance interfaces, incident reporting, patient experience
	Snapshots, capacity, waits, transfers, incidents, complaints and survey measures

	Workforce and finance
	ESR/HR, rostering, agency, ledger, procurement, patient-level costing
	Roles, shifts, absence, hours, pay/agency cost, budgets, expenditure, tariffs and episode cost

	External / national
	ONS population and deprivation, UKHSA surveillance, CQC ratings, national tariffs, organisation and terminology services
	Denominators, risk context, benchmarks, reference prices, codes and organisational hierarchies


Figure 5: Source System Identifier 

[bookmark: _2.2_Star_schema][bookmark: _Toc236712622]2.2 Star schema design
A fact constellation works better than one huge table because NHS activities are recorded at different levels. A care episode, bed snapshot, referral pathway and staff shift are all measured differently. Putting them together could duplicate data and produce incorrect totals. Separate fact tables avoid this problem while shared dimensions still allow safe comparisons across NHS services [1].                                          The patient activity star schema in Figure 2 forms the main structure, with additional fact tables used to support wider analysis.                                                                                   Master data should be stored in key dimensions such as 
· DIM_PATIENT, 
· DIM_STAFF and 
· DIM_ORGANISATION. 
Sensitive identifiers, such as NHS numbers and payroll IDs, should be kept in separate secure matching services.                                                                                                                                The main analytical dimensions should use pseudonymous keys and only include necessary details, such as age spectrum, ethnicity, staff role and grade. DIM_ORGANISATION should show the NHS structure from England to region, ICS, Trust, site and ward. It should also keep historical versions so that organisational changes do not overwrite old records.                                                                                                                                                                               Metadata dimensions should include 
· DIM_DATE 
· DIM_SERVICE
· DIM_SPECIALTY
· DIM_DIAGNOSIS
· DIM_PROCEDURE, 
· DIM_METRIC 
· DIM_DATA_SOURCE
DIM_METRIC should store the definition of each measure, its numerator and denominator, owner, target, valid dates and disclosure rule.                                                                           This prevents national indicators from being changed without control.                                              FACT_MONTHLY_KPI should be used as an aggregate table for reporting, not as a replacement for detailed fact tables.        


It helps speed up board reporting and keeps a fixed version of published results.                                                                                             Authorised staff should still be able to trace each KPI back to the detailed facts used to calculate it.                                                                                                                                                          Fact tables can track daily patient flow or monthly workforce numbers. They should update when source data changes and include refresh time, completeness, and calculation version.
Large tables can be made faster by splitting them by date, organising them by service or organisation, compressing columns, and loading only new or changed records. Accuracy should always come first.
Bed numbers can be added across locations, but not across different time periods. Ratios should be recalculated, not averaged. (Figure 4.)

“The physical database design structure known as a star schema has a particular affinity for the DM, a star schema made up of fact table and dimensions. The fact table represents the types of data that occur in great volume.”[7]
















	Table
	Declared grain
	Key content / measures

	FACT_CARE_EPISODE
	One completed care episode
	Patient, admit/discharge dates, organisation, service, diagnosis/procedure and staff keys; length of stay, tariff, actual cost, outcome, readmission flag

	FACT_REFERRAL_PATHWAY
	One referral pathway status event
	Referral, clock start/stop, speciality, provider, wait days, diagnostic stage, breach flag and reason

	FACT_BED_SNAPSHOT
	One  WARD at each hourly snapshot
	Staffed, occupied, available and escalation beds; patients medically fit for discharge; occupancy ratio derived in the semantic layer

	FACT_WORKFORCE_SHIFT
	One worker and rostered shift
	Planned/actual hours, overtime, absence, agency flag and cost; restricted staff key

	FACT_QUALITY_EVENT
	One incident, outcome or readmission event
	Type, harm severity, preventability, source episode and reporting delay



	FACT_FINANCE_MONTH
	One ledger account, organisation, service and month
	Budget, commitment, actual, forecast, variance and close status

	FACT_MONTHLY_KPI
	One organisation, service, metric and month
	Numerator, denominator, value, target version, completeness, publication status


Table 1: Facts table [7]

[bookmark: _Toc236712623]2.3 Data marts and schema

The marts should work as controlled views built from the same main data model, not as separate databases with different definitions. Row-level security limits users to approved organisations and services, while column masking hides sensitive patient and staff information.
“Data marts can be designed with star schema, snowflake schema or starflake schema. The star schema is the utmost simple of all the styles associated to data mart and data warehousing. It contains only of few fact tables. The snowflake schema is a deviation of the star schema, and the storing method is of multidimensional nature. The starflake schema is a fusion mixture of together the star and snowflake schemas.” [10]
The operations mart should be refreshed regularly because it supports daily decisions about patient flow, bed use and waiting lists. It should quickly show current issues, not just past results.                                                                                                                                                The finance mart should match the general ledger and keep locked month-end reports. The quality mart should allow fair comparisons using risk adjustment and hide very small figures when needed.                                                                                                                                The workforce mart should clearly separate planned, worked and paid hours. The executive mart should only include approved measures.                                                                 Each measure should show its definition, owner, last update and data-quality score.                                                                      Shared dimensions help NHS leaders compare different areas, such as agency staffing, delayed discharges and safety concerns.   
Strong access controls are also needed to protect patient-level information.
“Data marts are exclusively useful to make access to exact frequently access data very ease. It can give a collective picture or a certain aspect in the business by a particular group of users. Since data marts are smaller compared to a full data warehouse, reaction time could be reduced, and the cost of imbedding could also be less expensive.” [10]





	Mart
	Schema and data
	Departmental decisions

	Operations and flow
	BED_SNAPSHOT + REFERRAL_PATHWAY + CARE_EPISODE with Date, Organisation, Service and Patient (banded) dimensions
	Escalation beds, discharge coordination, theatre utilisation, backlog prioritisation and rural access

	Finance and value
	FINANCE_MONTH + episode cost measures + WORKFORCE_SHIFT with Account, Cost Centre, Organisation and Service
	Budget control, forecast, tariff recovery, agency reduction and cost-per-pathway variation

	Clinical quality
	QUALITY_EVENT + CARE_EPISODE with Patient, Diagnosis, Procedure, Clinician, Organisation and Date
	Outcome surveillance, mortality/readmission review, incident themes and unwarranted variation

	Workforce
	WORKFORCE_SHIFT with Staff, Role, Organisation, Service and Date
	Vacancy/absence pressure, roster fill, skill mix, overtime, agency dependence and demand matching

	Executive/population
	MONTHLY_KPI plus certified measures from all facts with Organisation, Service, Date and demographic bands
	Balanced assurance across access, quality, people, finance and equity; national-to-provider drill-down


        Table 2: NHS Data Marts and Departmental Decision Support [10]








“The main change between independent and dependent data marts is how the data mart is populated. This step is known as the Extraction-Transformation-and Loading (ETL) process, which involves moving data from operational systems, filtering it, and loading it into the data mart.” [10]
[bookmark: _Toc236712624]2.4 ETL plan
“During an ETL process, data is first extracted from source systems. In the following transformation phase, data is cleaned up, processed, and transformed into the target schema.” [6]
Metadata should control data loads, so each load follows clear, trackable rules. The process should also be repeatable and able to restart if it fails, without duplicating or losing data. Any rejected records should be placed in a quarantine area for review They should not be ignored or deleted without investigation.
	Targets
	Source and extraction
	Transformation and load

	Patient, date, organisation, service, diagnosis/procedure dimensions
	PAS/EPR, national organisation and terminology services
	Validate identifiers/dates; match and pseudonymise; map ICD-10/SNOMED and local codes; create surrogate keys; type-2 history

	Episode, referral, bed and quality facts
	Incremental clinical/operational feeds
	Deduplicate; enforce grain; link dimensions; calculate durations; preserve source identifier; quarantine wrong sequences

	Staff and workforce facts
	ESR, rostering, agency
	Restrict identifiers; standardise role/grade; reconcile planned, worked and paid hours; type-2 staff history

	Finance and monthly KPI facts
	Ledger, costing, budgets and certified semantic measures
	Map accounts/cost centres; reconcile control totals; lock close version; aggregate numerators/denominators; attach metric version and quality score


Table 3. Simplified ETL plan [6]

The ETL process should load the data in the correct order. Reference and master dimensions should be loaded first, followed by detailed fact tables, then aggregate tables and data marts. Each load should record important checks, such as the source point reached, row counts, control totals, failed rules, lineage and run time. If late data arrives, only the affected section should be updated. Any KPI changes should be controlled and recorded, rather than replacing published results without an audit trail.

[bookmark: _Toc236712625]2.5 Data quality and governance

Data should be checked for mistakes, duplicates and missing information before it goes into the warehouse. Any problem records should be reviewed instead of simply deleted. The same codes, definitions and calculation rules should be used across NHS systems. Patient and staff details must also be kept private and stored securely.
Only approved users should be able to view sensitive data. Access controls, audit records, and clear ownership help keep the data safe, accurate and reliable. Updated operating systems, following important cybersecurity regulations and measures, and staff education also core action to keep everything safe. 

“The quality of data is critical for enterprises in order to be able to meet a variety of business requirements, such as compliance with regulatory and legal provisions, integrated customer management (“360° view on the customer”), effective and efficient reporting (“single point of truth”), or integrated and automated business processes…
… The relationship between data management and Data Governance is based on a differentiation proposed by the International Organization for Standardization (ISO) regarding Governance and Management (ISO/IEC 2008). Following this differentiation, Data Governance represents the leading function of data management as it specifies which decisions need to be made in data management and who makes these decisions. Data management ensures these decisions are made and appropriate action takes place.” [11]



[bookmark: _Toc236712626]Conclusion
NHS England should develop the warehouse as a well-governed decision-support service, rather than simply a place to store technology and data. A step-by-step, gradual approach, beginning with patient flow, waiting lists and workforce data, would deliver early benefits while limiting risk. Using data marts is a simple way to organise large amounts of data into smaller, useful sections. Success means spending less time checking data and making decisions faster.
The system should also improve data quality and healthcare services. At the same time, it must keep patient information private, support clinical safety and make sure frontline staff can still access important systems.
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NHS patient-activity star schema

(with foreign keys)
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