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[bookmark: _Toc236255310]Introduction
This report analyses how NHS England can use a data warehouse to improve data analysis and decision-making. Currently, healthcare data can be found in different systems, such as EPR, PAS, clinical, financial, workforce, and quality systems. For this reason, a data warehouse can help integrate, clean, and organise information into a centralised model. The report compares OLTP and OLAP, explains the architecture of the data warehouse, the ETL process, the use of data marts, and the design of a star schema to analyse patient activity.
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[bookmark: _Toc236255312]OLTP vs. Data Warehouse
Data warehouse refers to a non-volatile database, which supports the decision-making process of the management. The data warehouse is a semantically coherent database that forms the physical manifestation of the decision support data model. This database has information that is required for the decision-making process within an organization. Data warehouses provide OLAP services for analysing multi-dimensional data at different granularities.
OLAP's functional and performance requirements differ from those of operational databases, which typically enable online transaction processing applications.
Data can now be stored in several types of databases. Data warehouses are a new type of database architecture that organises diverse data sources under a single schema for management decision-making (Chaudhuri & Dayal 1997; Chawatte et al. 1994; Han & Kamber 2001).
Data warehouse technology encompasses cleansing, integrating, and on-line analytical processing (OLAP) approaches, including summarisation, consolidation, and aggregation. It also allows for many perspectives on information.

[bookmark: _Toc236255313]FUNDAMENTALS
A data warehouse is a central repository that integrates information from operational systems and other sources to aid in decision-making. Data extraction, cleansing, transformation, and warehouse loading are all steps in the setup process. This enables businesses to have prepared and consistent data for reporting and analysis.
[bookmark: _Toc236255314]OLTP and OLAP
Before, online systems for operation used to concentrate on processing of transactions and queries. These are also known as online transaction processing systems (OLTP). Data warehouses help knowledge workers in analysing data and making decisions. These systems can offer data in multiple formats to meet the demands of different users. These systems are known as online analytical processing (OLAP) systems.
The OLTP system is an example of a client-oriented application that processes transactions and queries. The OLAP application is an example of a market-oriented application that processes data analysis.
The OLTP database manages current information at a very granular level. The OLAP database manages huge amounts of historical information to provide summary and aggregation. This enables decision making since information can be stored and organized at different granularities. [1]

Online Transaction Processing (OLTP) databases incorporate a set of features designed for late 1970s computer technology, including as disk-resident B-trees and heap files, locking-based concurrency control, and multi-threading support. Advances in modern processors, memories, and networks imply that today's computers are radically different from those 30 years ago, with many OLTP databases now fitting in main memory and most OLTP transactions processing in milliseconds or less. However, database architecture has evolved little. [2]


[bookmark: _Toc236255315]Data Warehouse Architecture & ETL
Organisations typically manage data in two ways: operational systems for real-time transactional processing and data warehouses for centralised querying (Kimball et al., 1998). Data can be organised into relevant subject areas providing a consistent picture of information, unlike operational systems that capture business transactions (Kimball et al., 1998; Loshin, 2003).
W. H. Inmon defines a data warehouse as a subject-oriented, integrated, time-varying, non-volatile collection of data to enable managerial decision-making (Inmon, 1996).
A business data warehouse provides strategic information for decision-making purposes (Kimball et al., 1998). Good quality data is essential for the successful operation of data warehouses (Loshin, 2003); bad data could have detrimental effects on decision-making (Huang, Lee, & Wang 1999; Clikeman, 19. [2]



The above-mentioned architecture of a data warehouse is used in the case of the NHS England in Figure 1 below. This shows that operational systems such as EPR, PAS, clinical, workforce, financial and quality systems would form the main sources of data. The data will first pass through the process of ETL and staging before getting into the enterprise data warehouse where it can be cleansed, checked and standardized.
[image: ]
Figure 1. Proposed NHS England Data Warehouse Architecture. Author’s own design adapted from [2] 


[bookmark: _Toc236255316]Data Marts for Management Decision-Making

What is a data mart?
A data mart is a specialised subset of a data warehouse that is devoted to a particular department or functional area inside a company. It addresses reporting and analytical requirements by offering a streamlined and focused view of data. Smaller in size and breadth, data marts usually contain pertinent information for a particular user group, such sales, marketing, or finance.
They are structured, converted, and optimised for effective querying and analysis inside the domain, and they are arranged around topics, such as sales, customer data, or product information.






Types of Data Mart
· Independent
· Dependent
· Hybrid
[bookmark: _Toc236255317]Independent Data Mart
The data warehouse and an independent data mart are kept apart.
It is designed to meet the unique requirements of a certain department or business unit.
Independent data marts are usually easier to put up quickly and are smaller in size.
Because they are not limited by the difficulties of the centralised data warehouse, they provide flexibility and agility.
[bookmark: _Toc236255318]Dependent Data Mart
A data warehouse is the source of a dependent data mart. It organises some of the data from the data warehouse to suit a particular industry's requirements.
All data may be centralised and preserved in a single source of truth thanks to dependent data marts, which benefit from the data warehouse's data integration, consistency, and quality.
They are regularly updated from the data warehouse and are often created to meet specific reporting and analytical requirements.
[bookmark: _Toc236255319]Hybrid Data Mart
A hybrid data mart contains both independent and dependent data mart components. 
It uses the centralised data warehouse for the integration and consistency of the core data in addition to merging other data sources specific to a particular business unit or department.
Hybrid data marts combine the advantages of both approaches by providing flexibility and agility for department-specific requirements while maintaining the consistency and integrity of shared data from the data warehouse. [4]


A more focused and targeted view of the data from a data warehouse is provided by a data mart. Data marts are arranged by departments, areas, or user groups to aid in analysis and decision-making, according to the hypothesis I investigated. Therefore, using the complete corporate data warehouse directly by all executives would not be efficient in the instance of NHS England. Depending on their duties, each executive needs a different set of information.




[bookmark: _Toc236255320]Table 1. Proposed NHS England Data Marts Management

	Role of Management
	Suggested data Mart
	Key details needed

	Chief  Executive
	Data Mart for executive performance
	Bed occupancy, patient flow, backlogs in elective treatment, waiting times, regional performance, and workforce capacity.

	Finance Director
	Data Mart for finance
	Prices of treatment, national tariffs, budgets, expenses, cost per patient or person episode, and agency personnel costs.

	 Medical Director
	Data Mart for Clinical Quality
	Clinical results, patient satisfaction, readmission  rates, mortality indicators, and patient safety incidents.




The suggested data marts should be set up around the operational performance, costs, clinical quality, and workforce capacity that NHS England needs to assess. An Executive performance Data Mart is necessary because the Chief Executive need a summary of the country’s performance. The Finance Director need a Finance Data Mart to assess budgets, experiences, and treatment costs. The Medical Director requires a Clinical Quality Data Mart to track clinical outcomes, readmissions, patient safety, and treatment quality.
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Relational databases in a data warehousing environment must be configured to facilitate the analysis of business trends and projections and optimised for data retrieval. 

Online analytical processing (OLAP) or decision support system (DSS) processing are terms used to describe this kind of information processing. Database designers also refer to a dimensional approach to information processing as OLAP.
A dimensional database must be built to accommodate queries that retrieve a lot of entries and provide various summaries of the data. A dimensional database seeks to provide answers to queries like "What products are selling well?" and is often subject-oriented. "What is the best time of year to buy certain products?" "Which areas have the lowest sales?"
Either facts or dimensions are used to represent the data in a dimensional data model. A fact is usually a numerical piece of information concerning a transaction, such how many things were ordered. A dimension is the reference data for the numerical facts, like the customer's name. The dimensions database is typically updated in a batch when new data is loaded, frequently from several sources.
Relational databases are made to satisfy the daily operational requirements of the company and are optimised for online transaction processing (OLTP). Data is typically arranged by OLTP systems according to procedures, like order entry. Using a normalised data model that stores data using database normalisation rules, the database performance is adjusted for those operational requirements. As a result, the database can swiftly retrieve a limited number of records. [5]
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Figure 2. Key Differences Between OLTP and OLAP Databases. Author’s own diagram based on IBM. [5]
[bookmark: _Toc236255322]Dimension tables
Business entities, or the items you model, are described by dimension tables. Products, people, locations, ideas, and even time itself are examples of entities. A date dimension table is the most consistent table in a star schema. In addition to other columns, a dimension table has a key column (or columns) that serve as a unique identification. Your data can be filtered and grouped using other columns.
Sales orders, stock balances, exchange rates, temperatures, and more can all be recorded in fact tables. Numerical measure columns and dimension key columns that pertain to dimension tables are found in fact tables. A fact table's dimensionality is determined by its dimension key columns, and its granularity is determined by its dimension key values.
Take, for instance, a fact table with two-dimension key columns, Date and Product Key, that is intended to contain selling targets. The table's two dimensions are simple to comprehend. However, the dimension key values must be considered to establish the granularity. The first day of each month is represented by the values in the Date column in this example. The granularity in this instance is at the month-product level.

[bookmark: _Toc236255323]Normalization vs. denormalization
Normalization is the term used to describe data that's stored in a way that reduces repetitious data. Consider a table of products that has a unique key value column, like the product key, and other columns that describe product characteristics, like product name, category, colour, and size. A sales table is considered normalized when it stores only keys, like the product key. In the following image, notice that only the Product Key column records the product. [6]
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[bookmark: _Toc236255325]2.1 Source System Identification
An EPR system is a digital platform that compiles all your patient's data in one location, including medical history, test results, and recommended drugs. 
We currently save your records in a variety of locations, including many digital systems and paper-based notes. 
All your medical data will be stored in a single electronic patient record thanks to our new EPR system. This enhances the quality of care we offer by enabling your physician to view all information pertaining to your care in real time. 
Oracle Health provides the system that we are introducing.
We will be able to make better clinical judgements, operate our services with the information we require at our fingertips, and be safer and more efficient thanks to the implementation of EPR. Additionally, it will enable us to consistently provide care in accordance with best practices.
We will be able to make better clinical judgements, operate our services with the information we require at our fingertips, and be safer and more efficient thanks to the implementation of EPR. Additionally, it will enable us to consistently provide care in accordance with best practices. [7]
An electronic patient record (EPR) is a computerised copy of a patient's medical file that contains details about diagnosis, treatments, prescription drugs, and test findings. It makes it possible for licensed healthcare providers to swiftly and safely access and update patient data. [8]



[bookmark: _Toc236255326]2.2: Star Schema Design
Relational data warehouses frequently use the sophisticated modelling technique known as star schema. Modellers must categorise their model tables as either fact or dimension. [6]

Because it distinguishes quantifiable healthcare activities from the descriptive data required for analysis, a star schema is appropriate for the proposed NHS England data warehouse. Microsoft claims that a star schema divides tables into dimension tables and fact tables. While dimension tables offer context and enable data filtering, grouping, and analysis, fact tables hold events, numerical measurements, and dimensions-related keys. [6]
Fact_Patient_Activity is the main table in this design. The NHS's patient activity is shown in this table. A patient, a date, a hospital, a service, a diagnosis, and a procedure can all be connected to each record. This makes it possible to analyse the data not in isolation but rather in relation to the context that is required to comprehend the activity's location, time, type of care given, and result.
The context for evaluating those measurements is provided by dimension tables. Information on the patient, including age group, gender, and place of residence, is contained in Dim_Patient. Activity can be analysed by day, month, quarter, or year using Dim_Date. Dim_Hospital makes it possible to compare areas, trusts, and hospitals. The type of service or medical speciality is identified by Dim_Service. ICD-10 codes and other diagnosis-related data are stored in Dim_Diagnosis. Information regarding the procedures carried out is contained in Dim_Procedure.

NHS England's data requirements are also connected to this architecture. Admissions, discharges, waiting lists, bed occupancy, and patient flow are examples of NHS operational statistics. [7]
Additionally, the study of care costs and cost per treatment episode is made possible by patient-level cost data. Because of this, the suggested star schema integrates financial data, operational performance, and clinical activities into a single analytical model.

This design's primary advantage is that it allows NHS England administrators to examine performance from many angles. For instance, they may examine readmissions by diagnosis, compare treatment costs across regions, compare waiting times by hospital, and find services with longer hospital stays. Because standardised operational systems are primarily intended to record daily transactions rather than for national analysis, reporting, and decision-making, it would be more challenging to accomplish this directly from them. [8]
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Figure 3. NHS Patient Activity Star Schema. Author’s own design based on the NHS England case study.

[bookmark: _Toc236255327]2.3 Data Marts and Schema
The shift to a new era of data-driven, evidence-based treatment is being accelerated by the growing digitisation of health systems. Clinical practice, performance evaluation, policy decision, and biomedical research are all significantly impacted by this. A healthcare data warehouse (DW), which serves as an essential infrastructure for compiling, standardising, and evaluating a variety of clinical and administrative data, is at the centre of this change.
A DW's centralisation of clinical and administrative data enables more frequent, sophisticated analysis, improving care's accuracy and responsiveness. However, system design, data governance, and interoperability must be carefully considered when creating a successful DW. The strong ETL/ELT systems that guarantee data quality, consistency, and preparedness for analysis across various and changing data streams are supported by these fundamental elements. DWs play a crucial role in advancing scalable research, operational effectiveness, and evidence-based health policy in addition to helping with individual patient care. In the era of digital transformation, their proper implementation is a critical step toward obtaining individualised, superior, and affordable healthcare. [9]

[bookmark: _Toc236255328]2.4: ETL Plan
Data from NHS operating systems, such as EPR/PAS, clinical, financial, workforce, and quality systems, would be extracted by the ETL process. ETL assists in the healthcare industry by combining data from several sources into a single format for reporting and analysis. [10]
The data would be cleaned, duplication would be eliminated, and formats would be standardised throughout the transformation stage. For instance, ICD-10 would be used to standardise diagnosis codes, date formats would be made consistent, patient records would be examined for missing values, and sensitive patient data would be pseudonymized prior to analysis. Additionally, hospital, service, or period could be used to aggregate financial and operational data.
In addition to the primary database Fact_Patient_Activity, the prepared data would then be imported into the data warehouse tables, including the dimensions of patient, date, hospital, service, diagnosis, and procedure.

[bookmark: _Toc236255329]2.5: Data Quality & Governance
Before being used for analysis, NHS data must be precise, comprehensive, consistent, and current throughout the ETL process and ongoing use of the data warehouse. To find missing numbers, duplicates, erroneous codes, and inconsistent formats, the data must be examined. Additionally, governance is crucial since patient data needs to be handled safely, morally, and legally. This calls for audits, access control, data protection, and, if needed, pseudonymization. Data must be kept safe, accessible, current, and correct, according to the information governance standard. [11]






[bookmark: _Toc236255330]Conclusion
In conclusion, a data warehouse can provide NHS England with a clearer and more organised view of its operational, clinical, and financial data. Through ETL, data can be extracted, cleaned, standardised, and loaded for analysis. Data marts allow different executives to access specific information according to their responsibilities, while the star schema facilitates the analysis of indicators such as wait times, costs, hospital stays, and readmissions. Moreover, data quality and governance are essential to protect patient information and support safe and accurate decisions.
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