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ABSRACT 

The following project details the steps undertaken to develop a reporting mechanism that displays patients within the six Welsh Prisons without NHS numbers allocated to their clinical records. The aim is to promote and introduce a Business Intelligence (BI) process for Clinicians to access that highlights a list of patients that need NHS numbers allocated to their Prison Healthcare record. The report will research the suitable BI processes and the associated risks in accordance to missing NHS numbers. 

A range of literature and research methods have been utilised to ensure an in-depth knowledge of what BI is and how it can be used within a Prison estate. Government legislation, frameworks and journals are referenced throughout. The use of NHS documents has also contributed to the development of the project and academic sources have been used to support project theories. 

Research has been conducted on the most appropriate methodology to use which include PRINCE2, ITIL, Agile and Waterfall methodologies. Literature research and the project aim, and objectives have been used to compare certain methodologies to take forward an Agile approach. 

Saunders’s Research Onion has been used to guide the data analysis with a variety of research methods used in order to identify the users’ requirements. These requirements have been detailed and a MoSCoW approach has been taken on the project scope and initial development. 

The incremental development of the Prison dashboard firstly compares two different BI tools (Tableau and Microsoft PowerBI ) and is presented to users at a Clinical Reference Group (CRG) meeting. Thereafter the approved BI tool, PowerBI is used to develop and implement the dashboard to all Prisons. 

The project is found to see considerable improvements on the allocation of patients with NHS numbers at all Prison locations after sharing the BI dashboard. Improvements are seen over a three-month period with data trends identified. 

[bookmark: _Int_gLy719Aa]The project concludes by achieving its aim and objectives although a number of recommendations are noted for the next steps to promote system integration and widen the scope to other data quality factors within the Prison. 
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LIST OF DEFINITIONS 

	TERM
	DEFINITION

	Business Intelligence (BI)
	The techniques used to collect, store and display data produced by an organisation or company. 

	Data Visualisation
	The translation of data into a visual format through the use of tables, graphs, maps, and other visual aids. 

	Prison Patients
	Prisoners are referred to as patients due to projects healthcare requirements.  

	SystmOne
	The clinical system used at all six Prisons that store healthcare data for the patient. It is the source of data for the project. 

	Once for Wales (OfW)
	A framework designed by the Welsh Government to enhance the patients transfer of care through digital technologies. 

	SOP
	Standard Operating Procedures are step by step process documents provided to users to follow. 

	DHCW
	Digital Health and Care Wales provides digital technologies and support to NHS Wales. 

	Clinical Reference Group  (CRG)
	An existing group of Prison stakeholders which include Prison healthcare, Welsh Government, NHS England, Public Health Wales and DHCW. The group is scheduled to make decisions and support the digitalisation of Prison related work. The group is managed by DHCW. 


























ABBREVIATIONS

	TERM
	ABBREVIATION

	BI
	Business Intelligence

	SOP
	Standard Operating Procedure

	NHS
	National Health Service

	DHCW
	Digital Health and Care Wales

	MOJ
	Ministry of Justice 

	HMPPS
	Her Majesty's Prison and Probation Service

	ITIL
	Information Technology Infrastructure Library

	PRINCE2
	Projects In Controlled Environments

	IG
	Information Governance 

	NBO
	National Back Office

	OPSIR
	Organisation Patient Safety Incident Reports

	OfW
	Once for Wales

	BAU
	Business As Usual 

	PowerBI
	Microsoft PowerBI 

	CRG
	Clinical Reference Group

	DOB
	Date Of Birth
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[bookmark: _Introduction][bookmark: _Toc109737079]Introduction 

The purpose of this project is to explore the use of data visualisation software tools and the use of BI processes to identify the amount of NHS numbers allocated to patients on their healthcare records within the six Welsh Prisons. 

The project and report have been created and managed by the author of this document. The author has managed the project following the Digital Health and Care Wales (DHCW) policies and has linked in with representation from all six Welsh Prisons and other sources detailed throughout. DHCW currently supports the IT systems and infrastructure within all six Prisons and has service agreements with Welsh Government  [1] to continually improve the access to care Welsh Prisoners have. 

The aim of the project is to increase the use of NHS numbers assigned to patients within the Prison to allow for a seamless transfer of care between Community, Primary and Secondary Care providers. 

The hypothesis that will be investigated is:
 
The use of a central dashboard for healthcare providers working within the Welsh Prisons to access demographic details about their patients and determine the patients missing NHS numbers will improve the transfer of care patients receive outside of the Prison. 

The Hypothesis has been built upon research into the National Institute for Health and Care Excellence (NICE) [2] guidelines which state people in Prison should receive the same level of care to those outside. 

The objectives for the project are-

· Understand the history and use of BI software tools.
· Investigate the benefits of appropriate data visualisation and how a dashboard can be used effectively in the health care setting: a comparison of cases in England and Wales.
· Identify the current processes in place for Clinicians within the Welsh Prisons for data gathering. Focusing on a clinical system to identify patients without NHS numbers.
· Create a working system, to support the Prisons and stakeholders in sustaining and continuing the use of BI to improve the use of NHS numbers for stream less transfer.

[bookmark: _Toc109737080] Background 
NHS numbers are used throughout the United Kingdom (UK), it is a unique identifier each patient has which is associated to their National Health Service record. It is a 10-digit [3] number  that is used to identify patients within all healthcare settings. 

NHS numbers are used in Community, Primary and Secondary Care. Community Care is accessed within a community setting or at the patient’s house. Primary Care is the day-to-day healthcare available to patients, for example, GP Practices, Pharmacies or Dentists and Secondary Care is patient referrals from a Primary Care setting. Secondary Care provides specialist advice on certain area’s and is normally accessed within a hospital [4]. 

It is important for NHS numbers to be included in patients’ digital health record as this will lead to easier transfer of care between different health settings and minimise the risks associated with not having one allocated on their healthcare record. 






[bookmark: _Risks][bookmark: _Toc109737081]Risks 

There are various risks associated to patients not having NHS numbers linked to their healthcare records. The transfer of care patients receives when going into different settings, for example, if a patient leaves Prison after their sentence or is transferred to hospital while in Prison, they will be transferring from a Primary Care setting to either the Community, Primary or Secondary Care setting. If they don’t have an NHS number on their Prison healthcare record it is harder to identify the patient and match up their overall healthcare record. 

Several clinical incidents have been raised throughout the UK, which is linked to patients missing their NHS numbers on health records. An impact to not having the unique identifier on the patient’s record is the possibility of patients being incorrectly merged. This will cause a ‘confused’ [5] record whereby the patient will have incorrect healthcare information linked to them. 

NHS Wales works with the National Back Office (NBO) and the Personal Demographic Service (PDS) in England when such event occurs. An example of the process is highlighted on NHS Digital treatment [6]. The case study documents the scenario where two patients have been confused and the NBO identifies three patients using the same NHS number. The effect of this is the patients involved will have additional information on their clinical record which does not belong to them and may have an incomplete clinical record which could cloud the Clinician’s judgement of care. 
 
Missing NHS numbers and confused records are deemed as clinically dangerous and put patients’ safety at risk [6]. 

Highlighted on the Organisation Patient Safety Incident Reports (OPSIR) workbook [7] for Wales, 1,776 patients (3.5% of the Welsh population), had a documentation incident raised over a 6-month period between 01/10/2019 to 31/03/2020. The breaches include processes around records and identification. It is hoped that the level of risk is reduced within the Prison environment by using BI tools and reporting processes. 

[bookmark: _Toc109737124]Figure 1 details the NHS risk register that is calculated on the likelihood of the risk happening and the impact it may cause [8]:
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[bookmark: _Toc109737082]Project Approach 
To mitigate some of the risks associated with patients not having NHS numbers allocated to their Prison healthcare record, detailed above in chapter 1, for those who are in a Welsh Prison, the following approach will be taken. 

Research will be conducted to identify what BI is and the advantages of using it. The project will evaluate the use of different data visualisation tools to ensure it is suitable for Clinicians to use. A report will be created from the Prison clinical system to identify the patients with missing NHS numbers and a sustainable process will need to be formed. 

The report will consist of the following areas: 

· Chapter two introduce the readers to the literature examined through research, which is categorised into four sections, the history of BI, available tools to support BI, the use of BI and data visualisation with the NHS and will conclude with the appropriate BI tools identified for the Welsh Prisons. 
· Chapter three details the research methodology which investigates the most suitable project and development framework to adapt to suit the project’s aim. 
· Chapter four presents the readers to the results ascertained from research and requirement gathering along with the design and implementation steps carried out in order to meet the objectives of the project.
· Chapter five highlights the analysis that has been completed throughout the project.
· Chapter six provides an evaluation to the steps undertaken for the project research, development and implementation with the conclusion and recommendations detailed in chapter seven. 
· Chapter eight contains a reflection from the author on the overall project stages and outcome.  
· Chapters nine, ten and eleven provides information on the references used throughout the project, a bibliography and supporting documents within the appendices. 




[bookmark: _Research_and_Review][bookmark: _Toc109737083]Research and Review of Literature 
The research and review of literature will be broken up into sub sections. These sections will investigate the use of BI and data visualisation processes to ensure the design approach and implementation is fit for purpose and awareness of alternative methods have been considered. 

[bookmark: _Toc109737125]Figure 2 categories the approach taken during the research and review of literature and how it has been tailed to suit the project objectives:
[image: ]

[bookmark: _Toc109737084]History of Business Intelligence 
BI combines business analysists, data mining, data visualisations and data tools to help organisations make more data- driven decisions [9]. Its aim [10] is to support decision makers within the organisation to make informed decisions by providing meaningful data. 

In 1865 Richard Millar Devans [11] presented the phase, ‘Business Intelligence’. He used the phase to highlight how a banker profited from information by gathering it and making decisions based on the data displayed before his competitors. 

BI uses tools and processes that extracts meaningful data from the organisations data source and manipulates it in a way that is suitable for the reader to understand.  

[bookmark: _Toc109737126]Figure 3 provides a basic example on how BI is utilised:
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In 1968 [12], only individuals with specialised skills could translate business data into meaningful information. This was mainly due to the data being disjointed and pulled from various sources. Edgar F. Codd recognised  this issue and released a paper in 1970 that altered the way people thought about and used databases. The paper detailed the use of a rationalised database which included a standard method of retrieving and storing the information. Part of the process was normalising the data to the third normal form. A normalised structure includes the first (1NF), second (2NF) and third (3NF) normal form. The 1NF ensures each data field holds a single value and the 2NF eliminates repeating groups [13]. The aim of this is to ensure the table relations are independent [9]. The 3NF uses normalising principles to reduce the duplication of data, avoid anomalies and ensure integrity within the database to simplify the data management. 

Since Edgar F. Codd published his paper, Ralph Kimball [14], developed the concept of dimensional structures to retrieve information faster than normalised structures that Edgar F. Codd set out. Ralph Kimball ‘s concept uses fact tables as measurements and metrics which provide context to surrounding business processes. It was designed to read and analyse the data quicker as there were less tables joined within the databases. 

BI has evolved since 1865 and is widely used in all business sectors. It’s believed to improve the use of reporting techniques by providing more accurate information to companies, which has, in turn improved the use of how the information is used. Being able to access meaningful information, decision makers and stakeholders have been seen to improve the quality of data, employee satisfaction, business processes and overall operational efficiency. This has resulted in analysis of the data to make informed decisions [15]. These benefits are also highlighted in the book [16], Applying Business Intelligence Initiatives in Healthcare and Organizational Settings. 

The book [16] further describes the use of BI used within the Healthcare industry to support the analysis of big data with the aim of improving patient care and identifying potential health risks before they become an issue. 

Although BI has become a crucial part of many organisations, there are factors that need to be considered. Due to the sensitivity of healthcare data, the process of handling data in a correct format to minimise data breaches must be taken into consideration. Business 2 Community [17] supports this argument by identifying 30% of their survey’s businesses cited security issues as their biggest challenge that faces BI. They also highlight the difficulty of analysing available data as surplus data can mean there is a lot of information not required which may slow down processes. To overcome some of these problems, re-bust processes need to be put in place and communicated to stakeholders. Training on the best practice for data analysation and sound safety measures to minimise data breaches need to be considered.   

[bookmark: _Toc109737170]Table 1 summaries some of the advantages and disadvantages BI may pose: 
[image: ]
















[bookmark: _Toc109737085]Available tools to support Business Intelligence 
BI tools are types of application software that collates the organisations data from the source systems and processes it into a readable format. The tools are used to process unstructured data by querying the information to obtain relevant information and display the results in a format that can be read and understood by decision makers [18].  

They help prepare the information to be formatted to create reports, dashboards, and data visualisation. Some examples of these tools are, Microsoft PowerBI, Microsoft Excel, and Tableau. These tools can be used to store organisation data and display it in a dashboard to suit the user’s data visualisation requirements. 

To suit the projects requirements and investigate the hypothesis, research will be conducted on the above tools to determine whether, the use of a central dashboard for healthcare providers, working within the Welsh Prisons to access demographic details about their patients and determine which ones are missing NHS numbers will improve the transfer of care patients receive outside of the Prison. 

[bookmark: _Toc109737086]Microsoft PowerBI
PowerBI is a Microsoft application that is used to improve business analytics. Its aim is to enable everyone within the organisation at every level the ability to confidently make decisions using up to date analytics. The application uses analytic platforms which is scalable to the organisation requests and has industry leading data security capabilities [19], which will mitigate some of the risk surrounding data breaches. 

The software stores the organisations data and configures it in a way that is suitable for the user’s visualisation requirements. Multiple data sources can be used to extract the information, which is displayed on a dashboard for decision makes to read and understand the information. 

[bookmark: _Toc109737127]Figure 4 displays an example PowerBI  dashboard created by Microsoft [19]:
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There are several independent research reports which highlight PowerBI as the leader for business intelligence. The Forrester Wave [20] identified Microsoft PowerBI as the leader for market presence and application capabilities. The report further suggests it’s difficult not to include PowerBI as a top choice due to the wide accessibility and scalability. 

[bookmark: _Toc109737128]Figure 5 summarises the Forrester Wave investigations [20]: 
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The outcome identified by Forrester Wave is also supported with the 2022 Gartner Magic Quadrant™ [21] for Analytics and BI Platforms as they too identify Microsoft as the leaders for BI. 
 
[bookmark: _Toc109737129]Figure 6 supports the Magic Quadrants research identifying Microsoft as leaders of BI [21]: 
[image: ]

Microsoft estimates between 2018 and 2025 the data volume is expected to grow 61% annually. They further identify ten reasons why their customers choose PowerBI:
· Relevant user access to information
· Availability to connect to data anywhere
· Work faster and spend less
· Availability to action information through Microsoft Power Platform
· Secure data 
· Industry leading intelligence for reporting
· Make decisions on the go with PowerBI mobile
· Centralised access to data through the largest faster-growing BI clouds
· Innovation through user feedback
· Create a data driven culture with a 366% return on investment [22].
 

Although PowerBI is highlighted as an industry favourite, a few constraints need to be highlighted. Data configuration to suit the user’s visualisation requirements may be limited due to the lack of options to change visuals and has a limit of ingesting data at a time which is approximately 2 GBs of data [23]. This means users have reported that PowerBI takes a little longer to process large amounts of data. It is also difficult to understand and configure the reporting dashboards for users with no experience of BI or reporting [24]. 

[bookmark: _Toc109737087]Tableau 
Tableau is another data visualisation tool that enables BI within the organisation. Its aim is to visualise and publish data on topics users care about. It has similar reporting functions to PowerBI, whereby a dashboard of reports can be displayed from data inserts. Tableau is widely used with 1.5 million students and instructors enabled on the system [25]. Tableau provides an insight into information and cuts down data analysis time by efficiently reporting data. 

Reports can be created to suit the users’ requirements [26] and is accessible through a display dashboard. It is designed to suit all, from data analysts to decision makers. 

[bookmark: _Toc109737130]Figure 7 displays an example Tableau  dashboard [27]:
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Tableau has a proven record within the health industry with one article published by UNC Health [28] stating Tableau is the new normal for clinical operations. The article details how it has been used for long term changes in response to Covid-19. Jeff Fuller, executive Director of Analytical Solutions, states “Throughout the pandemic, health data has been a primary driver in nearly all policy decisions at every level of government” [28]. Additional reports from Lake County Health and Providence St. Joseph Health [29] further support the argument of using Tableau within a clinical setting. They claim to have achieved a unified data view of over 50 hospitals with more than 100,000 caregivers. They also highlight the financial impact Tableau has had on the organisation and state the system reduced the cost of care by $20million in its first year of use through data transparency.  

Although it has a proven history for healthcare and process improvements, the following factors need to be considered. There are set licence costs to access the application and is seen to be time and resource intensive to train staff [30]. It has also had some security threats raised against the application and fails to provide centralised data level security [31]. 

[bookmark: _Toc109737088]Microsoft Excel
Microsoft Excel is widely used as a reporting tool within many organisations. Excel is used for data processing and analysis. It was first released in 1985 [32] and is known in most organisations. The application allows users to manipulate data and perform mathematical functions and transform the data into visual information. It is known as one of the original BI tools and can store a variety of information. 

[bookmark: _Toc109737131]Figure 8 displays an example on data processing capabilities withing Microsoft Excel [33]:
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Excel is one of the more basic forms for capturing and transforming data into a visually pleasing process through manual processes. It is believed that more than 1.9 million companies use Office 365 with one in five adults using Excel [33]. 

Excel is easy to use and is good value for money due to the accessibility of the system. It can provide ad hoc analysis and can integrate with other application to access data from formats such as CSV, JSON,XML. Although the application is widely used and accessible, it cannot handle big data and the manual handling of data without version controls or automation [33], meaning underlining spreadsheets need manual updates and leaves the reporting process exposed to incorrect information and inconsistencies. 

[bookmark: _Toc109737089]Comparisons Of Available Tools
PowerBI is seen as the leading business analytics tools most readily available. Although some limitations have been identified due to the user’s requirement and data available the application will not be required to process large amounts of data in a short period of time. This coupled with the user requirements to obtain information, which is not readily available will mitigate the visualisation constraints around the dashboard as the target audience requires basic reporting out materials. 

Tableau has also been identified as a key performer for BI with supporting information that demonstrates the improvements seen within clinical environments.  It’s reporting dashboard is suitable for clinical information and can be designed to suit the users’ requirements. Although there are higher licencing costs compared to PowerBI the Prisons do not require a high number of licences to use.

Microsoft Excel highlights the traditional reporting and business intelligence processes with many people accessing the application. However, as the Prison dashboard is required for different locations and consistency of information is required, Microsoft Excel will not be used to create the Prison dashboard prototype. 

[bookmark: _Use_of_Business][bookmark: _Toc109737090]Use of Business Intelligence and Data Visualisation within the NHS 
The transformation of raw health data into meaningful information can drive improvements for patients care. The accessing to information supports clinical and business decisions [34]. For the scope of the project the use of BI is being investigated to identity missing patient demographics within one clinical system, although the opportunities for BI and data visualisation are far superior. To ensure the delivery and output is sufficient, consideration needs to be given on the BI requirements and objectives. Yi-Ming Tu
and Liang-Cheng Chang highlight in their book [35], the importance of analytical processing and identifying the strategic goals. As a health profession there is a varied amount of patient information made available through several clinical systems which need to be analysed to ensure the data extracted and presented is meaningful. 
 
Christian Ofori-Boateng highlights some of the reasons why business intelligence in healthcare is critical. The article [36] identifies the idea of healthcare is associated to the care of the patient however to ensure the care runs smoothly business intelligence is needed. Quality performance evaluations can be used to highlight patients experiences and gaps within healthcare processes alongside department evaluations. Christian Ofori-Boateng [36] reiterates the possibilities of querying the data to ascertain meaningful information. 

This statement is supported through the work being carried out in NHS England [37]. In 2019 a pilot was undertaken to determine the impact of linking datasets to patient information with the aim to improve care pathways by retrieving meaningful data to make informed decisions. 

Although pilots have been undertaken when working with healthcare data, it is harder to statistically measure the outputs that BI may have. Many researchers talk about the return on investment [38] when it comes to BI as it is widely used to support financial decisions although the return on investment within healthcare is targeted at patient experience and improving processes. 

Through research, it had been identified that some healthcare settings are actively using BI tools (section 2.2.2) although there are no national standards or frameworks available in England or Wales that supports the collaboration of data visualisation and BI. 

It is crucial to work with clinical requirements when considering BI opportunities, however if set up correctly these processes will become a crucial part of patient care [39].





[bookmark: _Appropriate_Business_Intelligence][bookmark: _Toc109737091]Appropriate Business Intelligence tools and the Welsh Prisons 

This project is based on the use of NHS numbers within the Welsh Prisons clinical system. There are six Welsh Prisons in Wales with some being remand Prisons and different security [40] categories. All Prisons in Wales hold Male patients only.

[bookmark: _Toc109737171]Table 2 displays Welsh Prison information:
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A remand Prison is where patients are held before their trial in court. This is an important factor to consider when evaluating the data for remand Prisons as they tend to have a higher turnaround of patients [40], shorter stays and is normally their first point of contact with the Prison Healthcare system.

The category of the Prisons in Wales ranges from a Category B which is holds patients’ long term and are higher security than Category D/Open Prisons where patients have minimal security restraints [41].  

Patients within the Prison get the same healthcare and treatments as those outside of Prison. They have access to free healthcare which is managed by the healthcare team located onsite at all six Prisons [40]. The healthcare system used to record clinical information is called SystmOne. 

SystmOne provides point of care information in real time and allows reports to be created. The system is used within England and Wales where patients can be transferred to different locations. This means throughout the patient’s time in Prison they will have one single health record. Paul Burstow [42], the Care Services Minister understands the importance of the system and states, SystmOne “provides a firm foundation to take offender health forward in a digital age. The ability to access Prisoners' medical records when they are needed, from the first moment that they are received into a Prison, is crucial to the delivery of effective healthcare” [42]. 

As it currently stands, there is no system integration within Wales to the Prison healthcare system from other Healthcare providers. This limits the data flow and up to date information available to patients within the Prison. Under the NICE [2] guidelines, it highlights people within the Prison should receive the same level of care as those outside. It’s stated under the guidelines that patients within the Prison are at higher risk of chronic ill health such as asthma to those outside of Prison. Richard Bradshaw, former Director of Offender Health and Chair of the NICE [2] Guideline Committee, said: “We know that people in Prison are a vulnerable population with a high health need, which requires close attention and careful management” [2]. 

Due to the lack of system integration and access to healthcare information for patients in the Prison, the use of BI tools to accurately report on patients missing NHS numbers is extremely important. As previously documented the Prison population has higher health needs and is estimated more than 80% of male Prisoners aged 60 or 
over suffer from chronic illnesses. This means the transfer of care is vital [2].  To comply with the NICE [2] guidelines a reporting dashboard will mitigate some of the risks associated with patients missing their NHS numbers due to poor data quality, incorrectly matching up patient information and speed up the transfer of care outside of the Prison by providing the best quality of data available. 

Clinicians within the Prison face many challenges. The source of data available to them is limited due to a standalone clinical IT system and relies on patients providing the correct demographic information such as their real names rather aliases or nicknames, as well as knowing their NHS numbers. This is not always the case and access to other health systems in Welsh Prisons are read only which limits the functionality available to Clinicians [43]. This argument is supported in the Government planning framework to adopt a “Once of Wales” approach [44], meaning organisations that share information is done so in an effective and efficient way to realise the full benefits of a multidisciplinary workforce. The framework highlights the importance of system integration which is a barrier to Clinicians working within the Prison due to the lack of system integration with SystmOne. Additionally, there are many environmental aspects to consider when reviewing data within a secure estate. It’s expected that the capacity of Prison patients will increase due to recruitment of 20,000 police officers throughout the UK. The increase on demand alongside the closure of many Prison cells due to Her Majesty's Prison and Probation Service (HMPPS) [45], failing to meet legal standards for space, light, heating, and health will result in the Prison population being less static and patients being transferred to different locations. This will result in the Prison data changing daily. 

[bookmark: _Toc109737132]Figure 9 supports the above argument by highlighting the Prison population for England and Wales between July 2021 and March 2026 [46]: 
[image: ]



To enable patients to access healthcare outside of the Prison with minimal disruption and mitigate some of the risks associated with missing NHS numbers on patient’s healthcare records, the use of BI tools will be utilised. 

It has been shown BI works within healthcare settings and is not currently utilised within the Prison estate. The proposal is to use SystmOne as the source system of data to extract the reports which identify the patients with missing NHS numbers in the Prison. The use of BI tools such as Tableau and PowerBI will be investigated to ensure the data is displayed to suit the Clinicians’ requirements. Once the data is displayed, the Healthcare Team at the Prison can allocate the corresponding numbers to the patients. Its aim is to achieve this by using BI tools and processes with up-to-date information available. 





[bookmark: _Toc109737092]Summary
To summarise, BI has been around for many years and is standard practice for many organisations and businesses. The advantages of meaningful reporting to improve healthcare is crucial, however robust processes will need to be set out to minimise the risk of data breaches. 

PowerBI and Tableau are going to be used for phase one implementation comparisons. This it to ensure the correct visualisation tool is used for Clinicians. Once feedback has been obtained phase two development will concentrate on the chosen visualisation tool to create the Prison dashboard. 
[bookmark: _Research_Methodology][bookmark: _Toc109737093]Research Methodology 
There are many best practice project and development methodologies available. The aim of a methodology is to ensure the most appropriate framework is followed, to achieve the objectives of project and research. This is supported by Allan and Randy (2005) [47], as they insist two standards should be met. The first being the methodology should be the most appropriate to achieve the objectives of the research and secondly, it should be possible to replicate the methodology used in other research and projects of the same nature. 

Saunders’s Research Onion [48] approach has been considered to ensure the required data and aim is at the heart of the onion with the outer layers gathering data for the specific cause. To test the hypothesis detailed in section 1, definite tools and techniques are required to accept or reject the theory. Saunders’s Research Onion can be adopted to support this technique by following stages (layers of the onion) to meet the desired effect. 

[bookmark: _Toc109737133]Figure 10 provides an example of Saunders’s Research Onion [48]:
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Chapter three will investigate the use of PRINCE2, ITIL, Agile and Waterfall methodologies and conclude with the most appropriate methodology to take forward for the Prison dashboard project. 






[bookmark: _Toc109737094]PRINCE2
Within a project environment the PRINCE2 framework [49] is regularly followed. It is a structured project management method with a practitioner certification program where the theory is to divide the project into manageable and controlled stages to archive the themes, processes, and principle. 

Most commonly known are the seven PRINCE2 principles [50]:
· Continued business justification,
· Learn from experience,
· Define roles and responsibilities,
· Manage by stages,
· Manage by expectation, 
· Focus on products
· Tailor to suit the project.

The PRINCE2 framework highlights the importance of system development and management of change. David E. Marsh  [51] highlights some of the most common changes as being, deliverables or work packages, timing, scope, method of approach used and resources. This is appropriate for the Prison dashboard project as it relies on resources from clinical staff that have not been involved with system development previously. 

The best practices and lessons learnt can be adapted to suit many development methodologies such as PRINCE2 Agile and Waterfall. The approach will depend on the project requirements and can be tailored to the chosen development method [50]. 

The use of PRINCE2 is appropriate for this project or any as it can be tailored to suit the users’ requirements and is focused on the product. This supports the objective to create a proof of concept for the Prison estate to adopt.  
[bookmark: _Toc109737095]ITIL
It’s important to consider ITIL (Information Technology Infrastructure Library) as it is an IT Service Management Framework that outlines the best practice for delivering IT services which is critical to the success of this project due to the nature of healthcare and IT services. 

ITIL 4 is the latest version which aligns with the Agile methodology with the aim of continual service improvement. It’s a Lifecyle approach that details the process improvements for areas such as service design, transition, and operation. This means the cycle follows all stages throughout the project. 

[bookmark: _Toc109737134]Figure 11 displays the ITIL lifecycle diagram [52]: 
[image: ]
[bookmark: _Toc109737096]Waterfall 
The Waterfall methodology is based on a series of steps which are defined through separate stages. 
The methodology was credited to Winston W. Royce in 1970 [53] where he highlighted a number of development steps to follow, such as requirement gatherings, planning, development, and testing. This is not an inclusive list used within the Waterfall methodology, only the fundamental stages to follow. The process is driven by the completion of the step before, meaning each step must be completed before moving on. It is a sequential model where all parties involved must understand the requirements which originated in manufacturing and construction industries [53]. 

[bookmark: _Toc109737135]Figure 12 highlights an example of the development stages within a waterfall methodology [53]: 
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[bookmark: _Toc109737097]Agile
Agile methodology is described as an interactive and incremental development method. The manifesto for Agile software development was created in 2001 [54] through a group of representatives who were determined to find an alternative method to the traditional methodologies. Agile is widely used with system development for healthcare within Wales and is supported in the Welsh Government consultation paper [55]. 

Agile methodology is used to structure, plan and control the development process which promotes frequent inspection and adaptation before the project is completed. It is most suited to projects requiring flexibility under time constraints [56]. 

[bookmark: _Toc109737136]Figure 13 highlights sample sprints within an Agile methodology [57]: 

[image: ]
[bookmark: _Toc109737098]Development Methodology Comparisons

Although the Waterfall methodology is credited to Winston Royce, in his paper Managing the Development of Large Software Systems [58], he highlights the importance of changing the way of software development, as the assembly line of development simply was not working. This argument supports the use of an incremented Agile approach. 

Waterfall is summarised as step driven, which means once one step is completed, they will move onto the next. Agile has steps identified, however is an incremental and iterative method of management. Meaning it is easier and cheaper to make changes throughout the process. 
 
[bookmark: _Toc109737137]Figure 14 highlights the differences between Waterfall and Agile [56]
[image: ]
Comparisons have been made between the two methodologies and summarised below. 

[bookmark: _Toc109737172]Table 3 summarises the comparisons of a waterfall and Agile methodology: 
	
	Merits 
	Demerits 

	Waterfall
	Structured approach which concentrates and separates out stages. 
	Project is made available at the end of the project [50].

	Agile
	Iterative stages allow the system to be developed and deployed at certain stages or sprints [50]. It is supported by the ITIL V4 framework. 
	Lack of  documentation, poor resource requirements and no finite end to the final product are linked to an Agile approach [59]. 



For the Prison estate an Agile approach to the deployment will be best suited. As each Prison is different, a flexible approach to the deployment will be required. Governors may have different requirements and the access to resource will differ from each Prison. 

Research has highlighted there are minimal reporting processes in place for the Prisons and different levels of knowledge of the clinical system. This means the reporting dashboard will need to be suitable for all Prisons to ensure it is utilised, yet consistent to make comparisons on the results. 

Although an Agile approach will benefit this project, it should be controlled to ensure formal agreements are made throughout Wales. A quantitative analysis of Agile project success [56] emphasises the need to collaborate and confirms the success of the approach within software development. 

[bookmark: _Toc109737099]Supporting Processes  
The bellow figures (figure 15 and 16) have been created to follow throughout this project to support PRINCE2, ITIL and Agile methodologies. 

[bookmark: _Toc109737138]Figure 15 summarises the area’s covered throughout the report:
[image: ]
A project Gant chart has been created to ensure the project approach meets the agreed deadlines in a controlled way.

[bookmark: _Toc109737139]Figure 16 displays the project Gant chart. Please see Appendix A for the full example: 

[image: ]
[bookmark: _Toc109737100]Summary 
PRINCE2 and ITIL frameworks were referenced as they highlighted the best practice processes for project and system improvements. The development methodology will follow an Agile approach as development will be incremental to suit time constraints and the lack of funding for the project development. 

The decisions made have been based on research conducted on the most appropriate methodologies as well as literature on healthcare research. As previously highlighted by Yi-Ming Tu and Liang-Cheng Chang in section 2.3 [35], strategic goals and analytical processing needs to be considered for achieving the project objectives. 
[bookmark: _DESIGN_&_IMPLEMENTATION][bookmark: _Toc109737101]DESIGN & IMPLEMENTATION	
To successfully design and implement a dashboard that details the relevant information Clinicians can use to improve the use of NHS numbers within the Welsh Prisons, requirement gathering is critical. This will be followed on by a storyboard of system process where two business visualisation tools will be compared before choosing the most appropriate method for the system development and implementation. Saunders’s Research Onion, detailed in chapter 3 has been referred to, to make justified decisions on the approach taken for the requirements gathering. This approach is supported by A.Sahay [49], they conclude, the planning and design stages of research is the most important with middle and outer layers on the research onion being the building blocks of the research. 
[bookmark: _Requirements_Gathering][bookmark: _Toc109737102]Requirements Gathering 
The aim of this project is to improve the business intelligence and information available to Clinicians in Prisons in relation to patient NHS numbers. For the appropriate decisions to be made, research needs to be conducted to understand the stakeholders’ requirements and current trends. Detailed in the book, Research Methodology for Social Sciences [50], it supports the use of research and describes it as a way of identifying common traits, relationships between different events and reiterates the importance of researching subject areas.  

A variety of research methods have been used to obtain a  methodological quantitative and qualitative approach to the systems requests. Due to limited time and funding for prolonged research methods, surveys, observations, and questionnaires have been carried out. 

[bookmark: _Toc109737140]Figure 17 categorises the qualitative and quantitative research approaches [51]: 
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The aim of the research approach taken is to answer the following questions:

[bookmark: _Toc109737173]Table 4 highlights the questions to consider through the chosen research methods:
[image: ]

[bookmark: _Toc109737103]Survey
A survey was created to capture information from Clinicians within the Prison estate. A SMART [63] approach was taken when creating the questions to ensure they were Specific to the target audience, Measurable, Achievable and Relevant to the hypothesis being investigated. The survey was made available for four weeks between the 1st of April 2022 to the 30th of April 2022 to allow a Timely response. 

It was decided to use a survey, as the target audience was clinical staff based in the Prison and includes a variety of questions to be completed by stakeholders. Microsoft Forms was used to collate the data. A survey was chosen to investigate the behaviours and characteristics of a group of people within the healthcare environment [52], to ensure the collection of data is gathered from the opinions of the end users. Some of the advantages include the ability to collect a wide range of data in a small amount of time and can be created easily with minimal cost implications. However, to ensure the data is meaningful a response rate of 60 percent or more is deemed as acceptable. In this case, to ensure the survey is representative a response is required from 20 clinical staff based within the Prison. 



















Prison Survey Results 
[bookmark: _Toc109737141]Figure 18 displays user demographics and job role, to determine the target audience who will be viewing clinical data and in what Prison:

[image: ]

25 responses were collected within the allocated period and highlights 14 individuals were from Cardiff Prison and 12 were Nurses within the Welsh Prisons. 

From the information provided, the following decisions and observations were collated: 
· Cardiff was the most engaged.
· Berwyn, Usk and Prescoed were the three non-engagers. All three Prisons will be contacted to arrange an observation of their processes. 









[bookmark: _Toc109737142]Figure 19 highlights the user’s knowledge of SystmOne and if they are aware of any reporting processes already in place. These responses will set the scene for development and ensure the users requirements are fur filled. Its aim is to minimise duplication of processes in place for data quality checks within the Prison and implement a system that will be utilised by stakeholders. 

[image: ]
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From the information provided the following decisions have been made: 
· The reporting tool needs to be accessed externally to SystmOne as only one user had advanced knowledge of their clinical system.
· No users were aware of existing reports, this will also be investigated during the Prison observations.  



BI survey 
A survey conducted by BI-Survery.com, asked over 2,600 businesses to provide information on how they believe BI works for them. The results demonstrate users have experienced an improvement in the reporting, analysis and planning which has improved their business decisions and data quality. 

[bookmark: _Toc109737143]Figure 20 displays the BI [53] for business intelligence: 

[image: ]
Outcome of Surveys
Following the completion on the Prison survey, several decisions have been made based on the outcome of information. The information displayed will be targeted at Nurse Practitioners within the Prisons and one user knows how to perform reports on the clinical system. A basic process and display of data will need to be developed as the current process of extracting patient information is not working, which means patients are not having their NHS numbers allocated to them after arrival. 

Due to 50% of Prisons not responding, these locations will be targeted for onsite observations. This will ensure a fair representation has been covered, however, the response rate was high with 25 responses out of 32. This amount passes the success rate of above 20 responses. 

The information retrieved from BI-Survery.com highlights the potential improvements individuals experienced once BI processes were in place. Due to the lack of process and reporting within the Prison, the design of the reporting dashboard will be aimed at users with minimal experience of reporting processes. 
[bookmark: _Toc109737104]Observations 
Observations were chosen as this allowed an in-depth research technique that provided real life experience on what processes are being undertaken. It was conducted in a natural setting where the participant didn’t feel obliged to answer questions in a bias manner. Observations allowed the process to be presented which can discover insights into area’s not covered by more structed approaches [54]. 

To ensure the observations were carried out sufficiently, acknowledgment of Nick Fox’s paper on How to Use Observations, detailed in the bibliography was read and processes followed. 

One to one observation with Clinicians from Prescoed and Usk Prison highlighted the steps they take to manage the allocation of NHS numbers for their patients and what tools they have available to try and retrieve patients NHS numbers. 

[bookmark: _Toc109737174]Table 5 demonstrates the clinical steps followed by Prescoed and Usk Prison: 
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[bookmark: _Toc109737105]Questionnaires 
Due to local Covid-19 restrictions, virtual interviews were conducted with Berwyn Prison and an English Prison (Eastwood Park). 

The set of questions were created to draw comparisons on the Welsh and English processes to ensure a collaborative approach across the border. 

[bookmark: _Toc109737175]Table 6 displays a summary of the results and questions asked during the questionnaires: 
[image: ]

The responses highlight a similar processing checklist whereby patients are asked at arrival for their NHS number. However, if they do not know their number or time constraints don’t allow clinical staff to search for the patient afterwards to allocate the correct number there is no reporting process in Wales that highlights these patients whereas England have this as one of their data quality requirements. 

[bookmark: _Toc109737106]Outcome of Research Gathering
Identified at the start of section 4.1, the overall aim for the research gathering was to answer the five overarching questions. The results are detailed below.

[bookmark: _Toc109737176]Table 7 displays the question and answers for the research gathered:[image: ]
 
























Following the MoSCoW  [55] criteria the dashboard should prioritise the following: 
[bookmark: _Toc109737177]Table 8 details the MoSCoW relationship to the users’ requirements: 
[image: ]
[bookmark: _Toc109737107]Scope 
The project scope has been created through information gathered from literature reviews, the agreed methodology approaches and the requirements gathering. 

In scope- 
· A BI dashboard to display patient demographics without NHS numbers.
· The dashboard will be available for all six Prisons.
· Central access to all locations can be accessed by DHCW. 
· Use of SystmOne to extract clinical information.
· Either PowerBI or Tableau will be utilised for the dashboard.
· An incremental roll out of the dashboard will take place. 

Out of scope- 
· All other clinical reporting. 

[bookmark: _Toc109737108]Phase 1 Project Development 
Identified in the literature review, Tableau and PowerBI are going to be the data visualisation tools trailed with the Clinicians at the Prison. A sample dashboard will be created in both visualisation tools and evaluated by the Prison board members. The aim of the dashboard is to display the amount of missing NHS numbers which are associated to each Prison location. The clinicians will be able to view other Prison statistics for comparisons and collaborative Prison working along with information on what patients are missing their NHS numbers for local processes to be followed. 
Data has been extracted from the clinical system and saved into a shared folder which holds information for all Prisons. This information will be used to create the dashboards. Data taken from the clinical system on the 26th of April 2022 has not been captured before. Meaning, it is the first time to pull the report and display the results to the Clinicians. 
To have a fair comparison of the two visualisation tools, PowerBI has been designed to display similar information to Tableau. Both dashboards will be taken to the Prison CRG to decide on the preferred tool and feedback any amendments they would like to see, the information collated has been for Berwyn Prison. 

** screenshots have been provided below however due to sensitive healthcare data being retrieved personal information has been erased for the purpose of this report. ** 






















A user story has been created to detail the process steps that covers the system and clinical processes required to identify the patients with missing NHS numbers and the clinical steps required to process the information and upload the patient record.

[bookmark: _Toc109737144]Figure 21 details the user story:
[image: ]

[bookmark: _SystmOne_data_gathering][bookmark: _Toc109737109]SystmOne data gathering 
To retrieve a list of patients within the Prison that are missing NHS numbers within SystmOne, a report is required to retrieve this information and transform it into a CSV file. As there are no reports currently available within the clinical system, meaning one has been developed to capture this information. 

The report created has been configured to capture all patients within the Prison over the age of 0. This will retrieve an inclusive list of patients with and without an NHS number allocated to their healthcare record. 

[bookmark: _Toc109737145]Figure 22 Active Patient Report:
[image: ] 
Once the report has been created, the information needs to be configured to show the required information. The following points display the steps required to run the reports for each Prison to display the information in a CSV file. A more detailed step by step version is available in Appendix B.
 
Retrieve the 01 Active Patients report that has been created in SystmOne. 

[bookmark: _Toc109737146]Figure 23 SystmOne screenshot to run Active Patient report:
[image: ]

Run the report and click Refresh. 

[bookmark: _Toc109737147]Figure 24 SystmOne screenshot to detail the refreshing process:
[image: ]


Right Click and Breakdown Results 

[bookmark: _Toc109737148]Figure 25 SystmOne screenshot to breakdown results:
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Select the fields you want to display in the report. For the data quality report select the Client ID, Sentence started, NHS number, Surname, Forename and DOB.

























[bookmark: _Toc109737149]Figure 26 SystmOne configuration settings: 
[image: ][image: ] 



Click Refresh

[bookmark: _Toc109737150]Figure 27 SystmOne refresh setting:
[image: ]
This will generate the report of all active patients in the Prison. 
To create a CSV file, select the CSV icon. 

[bookmark: _Toc109737151]Figure 28 SystmOne CSV export:
[image: ]

An excel spreadsheet is generated to display patients without NHS numbers allocated to their healthcare record. 
This CSV file is stored in a central location that will be accessible to the chosen BI tool to display the results. 
Due to the setup of SystmOne all Prisons are separate entities, this means the above steps to run the data quality report will need to be repeated six times. 
[bookmark: _Toc109737110]Tableau 
Upload the data source to Tableau for information captured on the 26th of April 2022.  

[bookmark: _Toc109737152]Figure 29 Tableau upload: 

[image: ]

Use the count functionality within Tableau to display the Prison locations along with a total sum of patients missing NHS numbers within the Prison. 





[bookmark: _Toc109737153]Figure 30 Tableau graph for count of missing NHS numbers: 
[image: ] 
To ensure the information is specific to the Prison, additional information can be displayed such as location and year the sentence started. From the below graph this will inform the user the number of patients who have been in the Prison since a given year and are still missing NHS numbers.  

[bookmark: _Toc109737154]Figure 31 Tableau graph for Berwyn missing NHS numbers and year of sentence: 
[image: ]

Tableau allows the user to adjust the filters and select the relevant information. For the design stage HMP Berwyn has been filtered and the dashboard has been configured to display the patients First Name, Surname and Client ID. It was decided to format the table with first name followed by surname as this is how many people recognise personal information. The Client ID has also been displayed as Clinicians within the Prison use this number as an identifier on the clinical system. A screenshot of the table is provided below.









[bookmark: _Toc109737155]Figure 32 Tableau screenshot for Berwyn filter:
[image: ]
[bookmark: _Toc109737156]Figure 33 Tableau table detailing patient information: 
[image: ]



[bookmark: _PowerBI][bookmark: _Toc109737111]PowerBI
To display the information in PowerBI the relevant data has been imported from the extracted CSV file. 

[bookmark: _Toc109737157]Figure 34 PowerBI data upload: 

[image: ] 


Once the data is loaded the user has the options to view data, configure graphs and build relationships with other data sources similar to the steps carried out for the Tableau development. 

[bookmark: _Toc109737158]Figure 35 PowerBI graph to display count of patients missing NHS numbers: 
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[bookmark: _Toc109737159]Figure 36 PowerBI graph displaying Berwyn missing NHS numbers and year of sentence: 
[image: ]

[bookmark: _Toc109737160]Figure 37 PowerBI filter for Berwyn Prison:
[image: ]

[bookmark: _Toc109737161]Figure 38 PowerBI table display of patient information: 
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[bookmark: _Toc109737162]Figure 39 displays the graphs and tables created in one page where separate information can be selected and viewed: 
[image: ]
[bookmark: _Toc109737112]Phase 1 feedback
Creating the display boards in both Tableau and PowerBI has allowed the information to be displayed in a similar format. Although the graphics configured on PowerBI have all been stored on the same dashboard page, whereas Tableau holds the information on separate pages. 

[bookmark: _Toc109737178]Table 9 draws comparisons made during the design phase: 
[image: ]

The following results were collated at the Prison CRG with a full breakdown of feedback available in Appendix C.







[bookmark: _Toc109737179]Table 10 summaries the user feedback:
[image: ]


To review, phase 1 development was key in understanding the visualisation aspects to both BI tools. The use of titles, axes and simple graphs were appropriate for the level of information required and the clinical accessibility of PowerBI has confirmed this will be the BI tool used to create the full Prison dashboard. 

Reference to assignment ACCA6017 Usability Engineering has been considered throughout the development of the dashboard. The report highlights human factors such as visual perception, human memory, and human reasoning. A full version of the report is detailed in the Appendix D. 

[bookmark: _Toc109737113]Phase 2 Project Development 
Phase 2 of the project development concentrates of the use of PowerBI to create the overall dashboard for Clinicians as well as separate areas appropriate for each Prison. This was decided as individual Prisons require patient information to be displayed to highlight and find their NHS numbers on the clinical system. Due to GDPR, cross sharing of patient information between the Prisons is not permitted. This information has been gathered from the DHCW Primary Care IG lead. As DHCW are the data controllers and can access all patient information, the dashboard can be used to draw comparisons with other Welsh Prisons and display at board meetings without releasing personal information. 

The dashboard is developed and managed by DHCW and will be shared individually with the Prisons on a fortnightly basis. Once the project moves into BAU and dependant on business requirements the reporting times may change. 

[bookmark: _Toc109737114]SystmOne Data Gathering 
This process is the same as documented in section 4.3.1. 



[bookmark: _Toc109737115]PowerBI 
The main dashboard has been developed to show patients missing NHS numbers and links to the location, patients ethnicity, year of birth, sentence date and an overall comparison on if their figures are improving. As the development has taken an incremental approach once the first phase was developed in PowerBI to identify the patients with missing NHS numbers these were feedback to the Prisons with minimal visual display on the dashboard. Details were highlighted in section 4.3.3. This has meant the Prison data quality has been improving since the use of a basic dashboard. As time has passed data has been captured from the clinical system on the following dates: 

· 26.04.2022 initial data extraction for all Prisons and shared in the basic phase 1 format in Tableau and PowerBI.
· 15.05.2022 prior to the stakeholder engagement for feedback on the visualisation tools to ensure Clinicians have been referring to the dashboard. 
· 06.06.2022 after the CRG and creating the dashboard in PowerBI and reporting back the findings. 
· 20.06.2022 general check in to ensure the dashboard is working and the count of patients missing NHS numbers are dropping. 

[bookmark: _Toc109737163]Figure 40 displays the PowerBI dashboard for all Prisons:
[image: ]


Within PowerBI the user can select the Prison to highlight the relevant information on the dashboard. As the users do not have full access to the dashboard due to patient information, DHCW will highlight the relevant location and send over a read only copy. For the individual Prison tabs on PowerBI this will be shared fully with the given location as they are owners of their patient clinical information. 








[bookmark: _Toc109737164]Figure 41 displays the results for Cardiff Prison: 

[image: ]

Specific information which is shared directly with the Prison is located under the relevant tab at the bottom. This is used to navigate through the different locations and contains patient identifiable information. 

[bookmark: _Toc109737165]Figure 42 displays the available dashboard pages: 
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[bookmark: _Toc109737166]Figure 43 example page for Berwyn Prison with the available information to search the clinical systems to obtain an NHS number: 
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In addition, a world map has been configured to show the patients ethnicity. This highlights there are patients from all around the world within the Welsh Prison estate. 

[bookmark: _Toc109737167]Figure 44 world map for patients missing NHS numbers in Welsh Prisons: 

[image: ]

[bookmark: _Toc109737116]Implementation 
An Agile and PRINCE2 approach has been taken for the system design and implementation. Appendix A provides a full implantation plan with associated dates and tasks. These are detailed within the Gant chart. Although the implementation steps have been completed, there has been many constraints to address. 

Due to the lack of system integration with SystmOne and the Prisons not running data quality reports for patients missing NHS numbers, this process has been developed manually. The data is separated into different CSV files and has been imported into PowerBI for overall analysis. The decision to categorise the information into different location tabs with the overall dashboard was to allow an all-Wales approach has meant creating relationships within PowerBI for the CSV files to meet the OfW objective [44]. 

Environmental factors such as data being captured for patients in a secure estate has meant additional security and IG requirements have needed to be fulfilled. For example, healthcare is supported by the NHS however the Prisons are managed by Her Majesty’s Prison and Probation Service (HMPPS) and others by G4S, a private supplier. Granting remote access to patient information outside of the Prisons has gone through Healthcare Managers, Prison Governors, and IG Leads (logged in an internal DHCW document that cannot be shared).  

The information gathered from the clinical system has been configured to show minimal patient information. The scope of data collated has been the patients first name, surname, DOB, ethnicity, Client ID, and sentence date. It was agreed in the CRG for Prison stakeholders that this information is sufficient to match the patients to their allocated NHS number. Minimal information has been extracted due to HMPPS not engaging with the requirements [55] gathering and DHCW IG identifying GDPR risks associated with the extraction of patient information and allocating NHS numbers. 

To comply with the Prison requirements and other security restraints the dashboard has been developed by DHCW and will be managed and shared to Prison stakeholders accordingly. This was taken into consideration when designing the dashboard. The overall dashboard view (figure 37) highlights the Prison location counts for transparency between locations with the patient identifiable information available on separate tabs. It would have been preferred to have an integrated dashboard that does not require manual system uploads of CSV files and restricted access to users however through the implementation plan and sharing the results with the Prisons, the project is a huge success with some Prisons going from over 300 patients without NHS numbers to only 2 remaining (figure 35). 

The reliability of the data has also been considered. Some risks to patients not being allocated an NHS number was identified in section 1.2, however, an alternative risk is allocating the wrong information to the patient. Research conducted under section 2.4 summarises the lack of integration for Prison systems along with poor data being collated from the patients themselves. This was considered when configuring the dashboard to ensure the best possible information was displayed to Clinicians working through the list. The use of an address would not be applicable as a patient identifier as these patients are located in Prisons so it was decided this would not be displayed in the report. Alternatively, it was found that the patient’s ethnicity was a contributing factor for patients without NHS numbers. Foreign nationals who do not have NHS numbers are easier to identify by categorising it as a graph.  It was found at the implementation stage that Swansea Prison had several foreign nationals missing NHS numbers. Since identifying this relationship the Project Lead has contacted the NHS National Back Office (NBO) that allocates NHS numbers. The scope of the process is yet to be determined as the Welsh Prisons need to allocate the remaining NHS numbers that are available on other clinical systems by working with DHCW Data Quality Teams to ensure the list sent to the NBO is as up to date as feasible. The caveat to this is there is a large proportion of patients moving around Prisons which is seen to increase in coming years (highlighted in section 2.4) which means the risk of patients having duplicate NHS numbers may be a risk to consider in accordance to the environmental Prison changes. 

These factors have affected the implementation decisions for the Prison dashboard project. To determine if the dashboard and information collated was suitable at an early stage it was piloted with all Prisons, to ensure reliable feedback from all stakeholders and confirm the process was fit for purpose. 

Enabling the Prisons to pilot the basic development of the dashboard has allowed comparisons to be made from data collected in April, May and June which all show vast improvements to the allocation of NHS numbers. 



[bookmark: _Toc109737168]Figure 45 displays the missing NHS numbers for each month the data was collated: 
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Throughout the requirements gathering, system design and implementation, clinical user input has been critical to the success of the project. 

Firstly, ensuring a BI tool was suitable for the Prison estate was identified in section 2 and the supporting methodologies (section 3) of PRINCE2, ITIL and an Agile development processes has also been contributing factors. 

Analysing the incremental development and implementation of the project has allowed for user feedback to be obtained quickly and provide meaningful information. Such as one user fed back the address section was not suitable for Prison patients and others highlighting the need for the Client ID to be included, as this is the main Prison identifier which connects to the Prison database that holds their Prison cell information and other environmental information. For a full breakdown of user feedback please see Appendix C. 

The requirements and MoSCoW approach steered the development of the dashboard and information extracted from the clinical system to display to end users. Due to no tools being available to extract and display the required information the project had to start from the basics. It would have been preferred to use more patient identifiable information to display trends such as missing Client IDs or potential duplications of patient records requiring a merge. Through the research and user feedback, Prison staff preferred high level information displayed in a simple graph or table. The target audience for the dashboard were users who have not used BI tools before. 

Human factors had to be considered with the dashboard including visual perceptions, the use of colours, patterns and titles were considered. The background was left white and writing in black to make it easier to distinguish the data. This is also supported on the government website [68] where they state poor colour contrasts makes it more difficult to read. The aim of the dashboard was to highlight the information for users to store in their short-term memory and have the relevant information accessible upon request. 

Once the final version of the dashboard was created the Healthcare Managers from all six Prisons were given the below walkthrough. One user’s feedback was captured and displayed in Appendix E. 

[bookmark: _Toc109737169]Figure 46 summarises the process steps:  
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The review of literature identified the use of BI and how it can be used within the NHS and sustained in a Prison environment. The theory was proved correct as data quality improvements have already been identified. The main constraint faced throughout the development is the involvement of DHCW to manage the data and dashboard due to SystmOne being a standalone system with no integration or access to internal databases. This has limited the accessibility of information for Clinicians however some of the limitations have been mitigated by creating relationships to downloaded CSV files which will only require a refresh button to be selected in PowerBI to update the information. 

The initial objective for the project was to create a prototype, as the implementation has been managed in stages the full BI dashboard has been executed and is now available to users. It was beneficial to draw comparisons between PowerBI and Tableau as this sparked the user’s interest and gave them the opportunity to provide feedback and become involved in the project. It is believed this approach worked as the scope was limited to NHS numbers with only six locations being involved. If the scope was extended to detail additional data quality area’s the flexible approach may not have been most suitable. The stakeholders of the project have favoured Microsoft tools with MS Forms also being utilised to gather information and receiving a good response rate. Setting out the requirements and applying the MoSCoW approach has kept the project centred. Although the project has proven a success in its early implementation, additional work is still required to determine realistic reporting timescales to feed back to users on their statistics and the NBO process for allocating new NHS numbers needs to be confirmed to ensure risks are mitigated.  
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The BI dashboard developed for use within the Prison healthcare teams detail the count of patients missing NHS numbers and their personal information. This is specific to each location and is used as a list for Clinicians to work through to allocate NHS numbers on their clinical record. Additional information has been displayed and the following conclusions can be drawn from the data: 

· All Welsh Prisons can compare the count of patients missing NHS numbers with each other. 
· There is a month record on when the data was extracted from the clinical system to see improvements.
· Patients missing NHS numbers before the project commenced was 20%. In the two months of the project rollout this has dropped to 1.4%.
· Trends have been identified with patient’s ethnicity and no allocation of NHS numbers. 
· The year the sentence started and year of birth of patients also displays many patients with unallocated NHS numbers are more recent patients. 

The aims, objectives and hypothesis were set out in chapter 1. An evaluation has taken place for each section and is detailed below. 

The aim of the project was to increase the use of NHS numbers assigned to patients within the Prison to allow for a seamless transfer of care between Community, Primary and Secondary Care providers. The aim of this project has been achieved and evidenced with the monthly statistics reported on the dashboard. This is also supported from the user’s feedback which is detailed in Appendix E. The feedback highlighted the process map and relationships between DHCW, and the Prison. The Prisons have experienced fewer requests coming in from Secondary and Primary Care providers requesting additional patient information as the NHS numbers are present on the patients’ records.  


The objectives for the project were-

· Understand the history and use of BI software tools:
This has been documented and supported with references under chapter 2. The Project Lead and users have a sound understanding of what BI is and some of the available tools. Although additional tools and BI methods could be further investigated once the Prison estate have a robust report process in place. 

· Investigate the benefits of appropriate data visualisation and how a dashboard can be used effectively in the health care setting: a comparison of cases in England and Wales:
Literature review and the OfW [44] framework highlighted under chapter 2 demonstrates the requirements for integrated information. Research with English Prisons identified the use of reporting missing NHS numbers and is supported by Forest Wave [20] and the BI survey [53], as they detail the benefits in using data visualisation tools within a healthcare setting. 
 
· Identify the current processes in place for Clinicians within the Welsh Prisons for data gathering. Focusing on a clinical system to identify patients without NHS numbers:
Identified during the requirements gathering, there were no processes in place for this type of data gathering. This steered the development approach by taking it back to basics and ensuring human factors were considered as the target audience for the dashboard had no prior knowledge or experience to BI and reporting. If this was not identified at an early stage the dashboard would have been developed to include more detailed information which would not be suitable. 

· Create a working system, to support the Prisons and stakeholders in sustaining and continuing the use of BI to improve the use of NHS numbers for stream less transfer:
A full dashboard implementation has been rolled out throughout Wales. It was decided an incremental development approach for all Prisons would be taken to ensure a OfW [44] approach met the requirements from all locations. At the early stage of implementation, the allocation of NHS numbers has significantly improved for all Prisons which has meant less requests for additional information from Secondary and Primary Care providers outside of the Prison.

Overall, the project has completed its aims and objectives with no major outliners identified. If the development steps were to be taken again more emphasis would be given to the IG requirements and sharing of data between Prisons. This would enable the dashboard to be more interactive and accessible to the end users without DHCW having to provide the information. However, the goal of the project has been achieved.  
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Agile, PRINCE2 and ITIL has enabled the project to be flexible yet managed in a controlled environment and the use of the project Gant chart (Appendix A) detailing the project timeline has kept it on track. Many restrictions were identified when trying to create a dashboard that holds Prison information as additional security steps were required from HMPPS, Governors and Welsh Government. Once the initial barriers were overcome, DHCW were able to pull the clinical information they needed to track and compare the results throughout the project. Relationships between the data was identified and going forward will be investigated further with third party support (example: foreign nationals not having an NHS number, work is required with NBO to allocate one). 

The dashboard has been created in PowerBI due to user feedback and is visually pleasing with enough information provided. One restriction identified in section 2  detailed a constraint to PowerBI. Due to the Prisons holding a combined total on average 5,500 patients and not requiring extensive upload of data the concern regarding the ingesting of data of an approximate of 2 GBs of data [23] can be ruled out. The success of the project has not been solely on the creation of the dashboard but the overall clinical process to identify, find and update the clinical record for patients missing their NHS numbers. This process is documented in Appendix B. 

It has taken significant input from the Project Lead, Clinicians, DHCW Data Quality Team and NHS England’s NBO to see the improvements to the quality of data already achieved. This level of commitment is paramount for the continued success of the project as it moves into business as usual (BAU). 

Following the completion of the project the following recommendations have been made to continually improve the quality of data: 

· Advanced data validation should be conducted on the allocated NHS numbers on the clinical system. The NHS number field on SystmOne is free text with no validation rules. This means incorrect information can be stored on the patients record. Areas to look out for may be 9 digit or 11-digit numbers instead of the standard 10 digits set out by the NHS. A BI dashboard can be utilised to support this process. 

· Complete an impact assessment with IG, the Prisons and Welsh Government to allow full access to the database. To support this recommendation, Clinicians work across various Prison sites and have a duty of care to follow. Transparency between the data will improve the working relationships and aid other locations should the need it. This also adheres to the OfW [44] framework. 

· Legacy data quality issues have been identified with some patients not having an NHS number on their Prison record since 2015. Each Prison needs to prioritise these patients and work through their current list. This will provide a more accurate picture on how many patients do not have NHS numbers within the Prison and will be supported by the NBO.

· Further investigation and development are required on the security settings available in PowerBI to determine if the dashboard can be accessed nationally. 

· Engagement with the clinical supplier, SystmOne to explore the option of an all-Wales data extract instead of a separate entity approach and identify the scope for access to the clinical database to provide automatic updates to the dashboard. This will be a huge benefit to the Prison as this would enable them to access the most up to date information. This will become paramount due to the changes of Prison management and the expectation of a less static Prison population, supported in section 2.4.

· The recommendation has been put to the Welsh Government to provide clarity and key performance indicators to the Prison healthcare teams on the requirements of data quality within their clinical system. This guidance will support the project and be a leading example for future data quality developments.

· The next stage of development is to investigate the number of duplicate records within SystmOne to ensure patients do not have several healthcare records. This is the next stage of improving the data quality within the Prison, as it has been identified many patients give incorrect information upon arrival and move around Prisons which increases the risk of scattered healthcare information within the clinical system. This can be reported on using the BI processes identified within this project. 
The implementation has referred to the ITIL framework by testing the dashboard with end users and going through change management in the Prison stakeholder groups. This is to ensure there is continual service improvements from the project. Although not perfect, due to accessibility of the dashboard which has been highlighted as a recommendation for further development and the relationship between NHS Wales and the NBO to allocate an NHS number to patients without one, the project has met it’s aims and objectives. 

The outcome of the project can accept Hypothesis: 
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Upon reflection the author has enjoyed being the Project Lead and developing a BI dashboard for the Prison service. 
An initial project concern was identifying patients without NHS numbers would be limited and return little information, however once the data was gathered to provide a true reflection on the situation it was clear it was a real risk to patients. 

Having a clear hypothesis to investigate kept the research on track with specific areas to cover. The author enjoyed researching the different methodologies available and believes the right approach was taken as the incremental development of the dashboard benefited all users. However, this was successful due to user input and interest throughout the project from stakeholders. 

Setting out the stakeholders’ requirements and MoSCoW approach helped steer the stages and it’s believed doing the comparison between PowerBI and Tableau with end users sparked their interest in the project. The author found it interesting comparing the two BI tools and finding out they can provide very similar outputs. As the target audience were Clinicians and Nurses with no BI experience the more basic display of data was chosen. Having completed the project, the same BI tool would be recommended to use again in the scenario as stakeholders were more accepting of Microsoft tools due to previous experience of the Microsoft package. 

The lack of IG and guidance from HMPSS on the sharing of data was a challenge faced throughout the project, alongside a standalone clinical system. This has resulted in a standalone dashboard that needs manual CSV uploads and refreshes. The author’s aim was to create an integrated dashboard where Prisons could manage their data however the system restraints has not allowed this and has been put forward as a recommendation for improvement. 

The author would have preferred to explore in more detail other areas of data quality and present the information on the BI dashboard for patients that have duplicated records, missing Client IDs, and other data quality areas. It was identified early in the project that the Prison had no obligations or reporting mechanisms to manage their data quality. This meant the project was adjusted to suit and support the OfW framework [44] by specialising the reporting into a manageable piece for stakeholders to engage with and experience the benefits. Now this has been identified and presented to Welsh Government it is anticipated a formal framework and guidelines will be released to the Prison to support them in their data quality workstream. This will be supported by the author and DHCW to ensure improvements are made following the processes undertaken for this BI project with NHS numbers. 

The author is proud of the improvements already made for patients as the number of NHS numbers allocated to patients have improved since the initial rollout of the project in April. Patients missing NHS numbers before the project commenced was 20%. In the two months of the project rollout this has dropped to 1.4%. It’s believed to be a great achievement and a sustainable process to follow with additional scope for improvements. 
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Appendix B- Standard Operating Procedure for Reporting Process in SystmOne-
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Appendix C- Clinical Stakeholder Reference Group Feedback- 
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Appendix D- ACCA6017 Usability Engineering Assignment- 
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Appendix E - User feedback on final dashboard implementation and flowchart (figure 45)-

This flow diagram is very easy to follow and details the pathway that DHCW and the Welsh Prison Service will follow to ensure that patient data is correct and present in their record. Since implementing this workflow and building those connections between internal DHCW data matching teams and the Prison leads we have seen less queries coming is requesting patient information. I do believe that this is down to the PowerBI data being circulated to the Prisons each month which details how the patient data at each Prison has changed on the month previous. It also benefits patients being released from Prison to GP practices as GP’s have informed us that they are finding it easier to link their Prison discharge summaries to the patients record.
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DHCW export the
data from the
dlinical system and
upload into
PowerBl

Dashboard is
updated and
individual tabs are
shared with each
prison individually.

Users can select the
data and see a list
of patients missing
their NHS numbers.

Users will use the
dashboard
information to find
the patients on
other NHS systems
and match up their
patient information
to an NHS number.

Once matched
users will add the [ )
NHS number to the
patients record on
SystmOne.

If the match is
unsuccessful the
patients
information will be
sent to DHCW Data
Matching team to
investigate.

If an NHS number is
not available the
National Back
Office will supply
one and the user
will add to the
patients record on
SystmOne.
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The use of a central dashboard for healthcare providers working within the Welsh Prisons to access demographic
details about their patients and determine the patients missing NHS numbers will improve the transfer of care
patients receive ouiside of the Prison. The Hypothesis has been bult upon research into the National Institute for
Health and Care Excellence (VICE) guidelines which state people in Prison should receive the same level of care
to those outside [2].
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14 DOCUMENT LOCATION

Type

Electronic

2 PURPOSE

This documant talks the reader through the processes to mprove data qualitywithin SystmOne. Theregort
il over the use of Tast Patients,Prison Numbers, NHS numbers 2nd Sentence Informatin.

By the end of the document the reader should understand the importance ofensuring good data qualiy and
the processes that can improve the data stored i SystmOne.

3 SUPPORT PROCESS

1t s basn identifiedthat work nseds to b carried out in sl Prisons throughaut Wales to improve the
Quality of data ithin TPP SystmOne.

This SOP will autline the improvement processes and the reports o un to menitor the data

‘Once the Prsons have eviewed the data withinthei system, they should feedback the outcoms to the
DHCW Prmary Care Manager fess marfell@uwales nhs. k.

4 NHSNUMBERS

Reports have dentified that NHS numbers are missng from several rcords. Where possibe NHS numbers
should be sddad onto all ecords when creating a paient or retreving  record. Thera are severalvays an
NHS numiber can be retrieved. f 3 new racord s required fo 2 patient, ensure an scvanced search has been
doneto make sure the patient 't prasent on the system.

41 WELSH DEMOGRAPHIC SERVICE (WDS)

WDS can be used to search fo patients o etrieve their NHS numbers. Search s done through the patients
dersis

WDS i availsbl for prison stafthat areregisarad and sppraved by the Caldcott Guardian. I the prisan
dossnt have use of WD please contact jess marfell wales nhs uk.

WDS can be sccessed through s webiink an the user's PC. Log n, i don trough NHS emsil o Nadsx

The lnk to WDS s: htos://ds wales ths uk/WENS/

When cresting s paient WDS should be used to searchforthe patint details inclucing the NHS number. I
21 NHS number s’ prsent on the racord n SystmOne, then please usa WD <o search for the patient.

42 WELSH CLINICAL PORTAL (WCP)

WCP i avalabl in sl Prisans. For users who have sccessto WCP they can retrisve th patients NHS number
using this system. GP detaiscan sso be obtained from WCP. Users hiv resd ly access 1o the patients
clinca record howaver his wilisply their demographic iformation which can be uploaded onto
Systmone.

43 PROCESS FOR INSERTING NHS NUMBERS
The following process should be followad when insertng and updsting NHS numbers ino the patient record
To creata s new ptient, slect atien, Patient Maintensnce, Patient Registrtion Wisard Cul=D. Sesrch for

the patient by nsartng the demographics n thstest boxes. Use WDS £ search for the patients NHS number
i unknovin.
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44 NHSREPORTS

Please seesection  or the process to run the data quality reports.

A sctive st of patients without NHS numbers will e displayed. Pleasa work through the st of patients and
try and rerieve the NHS numbers and insert tham into the ptient recorc.

Reports will b executed by ths DHCW Prison Hesith Service Manager and sent o ths Hesith Cre Mansger.

5 REPORTS

The following steps denty the process to follow whan running the data check reports
Loginto Systmone

Reporting

Clrnicl Reporting

Prison Heaith Care Foldar

+ 1 s et e 1140)
+ 6 Rk Assessment

Prison DQFolder

Clck 1005 5 Audit

I e
| Performance ortorng.
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e
o [l pisonpa
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[sous
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st
[
ey
s
- Ramrene
Ll Prison DO Apri 2018
L Prison influenza Vaccination Reports (5)
> Prison Screenng.

Select 01 Active Patients
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You can filer the results within SystmOne by clickng on thette &g, NHS numbers will display sl ecords.
Without NHS numbers frt. You can highint ll the racords without NHS numbers t csplay at e bottom
Row many outof the total dor' have NHS numbers.

Fiterscan s be put on to display Client IDs missing and Sentence information missing Tris s done the
Same way, by clcking o the title inthe Report Resuls

Aditonsly,tisinformtion can be transferred into  CSV il (Exce) and fiter can be sddd. fthe
information s transferrad into Excel, the s can be saved on  shared drve for others to accessthe patient's
dsta that nsed investigating. Plesse nots tha sensicie information of atients will b stared on ths CSV il
50 plessestore in 3 secure place.

To create 3 CSV e, seect the CSV icon

Report Results: 01 Active Patients (Pris
0/Q i @SB
e [setecen aectim [
[ e—

Highight & to F and cic Sor & Fter. Clck itr o 3dd fiters to tha tls.

Vo can use the fiters to disply anly the blank NHS numbers. fyou e fitring on ather detais, plesse
ensure there are no other fiters on.

6  NEXTSTEPS

‘Once th reports have bien run plesse uplosd these to the PowarEl dashbosrd. Reationships have besn sat
Up S efresh of the dashboard s required befors sharing the nformatian with the rions. The sl Wales
patient data should not be shared outside of DHOW, specfic locations il raceive information for their
Prison any.

Regular reports will b axecutad, nd the indings il be displayed on the PowerBl dashboard.

7 DEFINITIONS

TERM DERINTION
0P Standard Operating Procedure.
DHOW. Digital Health and Care Wales
P The Phoenix Partnership
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Prison Healthcare Stakeholder Reference Group

Microsofe Teams

[—

Part 1 Preliminary Matters

Actions

13

Review of Powe

and Tableau dashboard
Tableau-

‘Concern s rsed over the cost of iceces o sccess tableau ssthis it
ot avalbie todiicins and prison healinare staff. Users had to use the
fras i 20 acess the dashbosre

‘Generalconsensus was usas ied the display of data i simple graphs
with the use of diffrent colours. They agreed basic information
dispiayed would be helpful o them.

Users feadback they liked the dispay of data and the simple formatiing
of raphs long with the e was easy to undarstand.

Powerl-

‘One clinicianstated they have access to PowerBlwith thir Micrasofe
‘ccounts through NHS. This was confirmed it calleges ¢ DHCW. The.
£roup seresd access to PowerBl was xsier nd they are used to sing
Microsoft Tacls which other heaithcare st iec.

Users preferc the cantral store ofnformstion an one gage 35 the
could make comparisons on patient nformation quicky.Cincians had
the same fesdback a3 the di for Tableau for dats formatting

Next teps-

The group agred du to the sccessiilty of Powsr snd the centrsl
stora of nformation t draw comparisons they would favour this
business ntelgence tool.

Users dartifie there was o nsed t include the patients sddress s ths
is not an dentifable indicstor due o ther home acdress being he
prison. The group agreed it would be benefcal o report on the
nationalt of patients o determine f there were rands batween
mising NS numbers and thpatients ntionsicy.

Ttwas aiso discussed the includsion of th patients sentence startdate 35
they can highiight patients that ave baen within the prison system the
longest without an NHS number and pricties these. The group agreed
the Clent ID i the main idenifie for he prison and must be ncluded.
DHCW Project ead agresd 1o take forward the dashboard creation in
PauwerBl and ook ta include the relevant fieds th cincians dantified
would be benfitalto mtch the patient.

The clinical process was spproved by sl group members s 3 bast
pracice approach.

02920 500 500
igde gig.cymru | dhcw.nhs. wales
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4 Review of class member’s design
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5 Software Prototype
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6 Evaluation
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