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This section will discuss the reasons for this study and the background research.  We will explain why this project has been initiated and what we intend to do to ensure that the project is successful.

In 2016 The National Health Service reported to have a funding gap that in the long term would have a detrimental effect on the sustainability of the NHS service [1]
It reported one of the main areas of change would be 
“Prudent prescribing so that medicines are managed more effectively as well as action on medicines procurement and pharmacy, integrating primary/secondary prescribing”
Following completion of a successful invest-to-save bid which was submitted to the Welsh Government to support this initiative in September 2017, the Prescribing Clerk Scheme was introduced in Abertawe Bro Morgannwg Health Board.  This took example from the scheme that had previously been rolled out Bridgend.
The Medicines Management Department of Abertawe Bro Morgannwg University Health board is a team of clinical and non-clinical employees who are in place to oversee prescribing within the Primary Care setting of the Health Board and advise on cost benefits and savings.  The prescribing clerk scheme has been introduced to assist staff who work within Primary Care GP Practices to be more aware and improve the quality and cost effectiveness of prescribing.
Medicines Management Prescribing technicians oversee the education of GP practice clerks to understand and implement a variety of switches/discontinuations/alterations for specified drugs to more affordable/recommended ones.   The data is collected from each prescribing clerk using an excel spreadsheet (with incorporated VGA form) that allows for analysis of all switches/changes that are made by the clerks and captures the data required for reporting Financial implications (Savings and Costs). These figures are a requirement of the project to enable reporting and strategy planning. 
The figures are submitted monthly into a master spreadsheet which is manipulated to show trends, discuss findings and highlight relevant prescribing changes. The information needs to be shared in an understandable way allowing the clerks to interpret it as well as being shared with the Pharmacy Management team to highlight areas of savings and investments along with statistical analysis to enable future planning.  

[bookmark: _Toc5718578]Industrial Context

This project has been implemented by the Medicines Management Department of Swansea Bay National Health Service based in Neath Port Talbot Hospital (formerly known as Abertawe Bro Morgannwg University Health Board - ABMU).
University Wales Trinity St David is the University for which this project is being completed.   
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The literature review covers three main topics for this project.  The use of data in health care, Introduction to usability and Introduction to visualisation tools.  
[bookmark: _Toc5718580]The use of data in Health Care.

The collection of data has increased dramatically over recent years.  In 2014 Wullianallur and Viju Racghuoathi discuss the promise and potential of data [2].   They go on to discuss the benefit and gains from big data analysis which allows for better, more informed decision making along with various advantages.   There are substantial benefits when data is collected and put to effective use.  It allows for analysis of information such as patient information, treatment outcomes, medical prescribing which leads to a better clinical and more cost-effective treatment plan for patients and for the Health Boards.
Previously in primary health care, prescriptions showed what drugs had been dispensed from the Doctors surgeries whereas now the collection of the information is on an electronic system which allows for analysis and predictions showing trends in drug prescribing.  This leads to discussions around appropriate prudent prescribing between health boards and the prescribers.  Informed, guided decisions have hard data to back up the thought process behind the introduction of change. 
In order to complete some of these tasks we need to collect information from GP surgeries but to do this effectively we need to ensure that the system that is in place for collection of the data is usable.
In a recent study of usability analysis [3] Dawn Dowding and Jaqueline Merrill look at evaluating a set of heuristics to assess the usability of information systems using Nielson’s heuristics that were developed in 1990 [4].  They develop an evaluation checklist using these principles concluding that 
Heuristic evaluations can be used to find potential usability problems with systems.  It is important that once the data has been collected that it is represented in an understandable way. Dawn Dowding et al went on to produce a set of usability heuristics that can be utilised when evaluating systems of a related nature.
Firstly they produced the principles using Jacok Nielsons Heuristics [4] and then went on to produce a further list using the visualisation techniques presented by Forsell and Johansson [5].  Collation of these produced a list of 7 heuristic fields for them to focus on 
· spatial organization 
· information coding 
· orientation and help
· data set reduction
· flexibility
· consistency
· remove the extraneous 

[bookmark: _GoBack]Both lists were circulated and assessed by individuals (experts in the field) and rated.  This produced the heuristic evaluation checklist (Appendix 16.1) that included 7 general and 3 visualisation specific heuristics.
They concluded by saying that 
“The growing capacity to generate and electronically process health data suggests that data visualization will be increasingly important. A checklist of usability heuristics for evaluating information visualization systems can contribute to assuring high quality in electronic data systems developed for health care.”
Systems have developed in such a way that they must ensure usability functionality for the user to be able to relate the full understanding of the data.
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Usability principles have been introduced to ensure interfaces are well designed and understandable.  A well-designed dashboard will show good affordance that guides the user to flow through the visualisation.
The usability features written by Jakob Nielson [4] are 
1. “Visibility of the system status
2. Match between system and the real world
3. User control and freedom
4. Consistency and standards
5. Error prevention
6. Recognition rather than recall
7. Flexibility and efficiency of use
8. Aesthetic and minimalist design
9. Help user recognise, diagnose and recover from errors 
10. Help and documentation”
Equally Schneiderman’s [6] eight rules for design interface lead the user to a seamless experience when using an interface
1. “Strive for consistency
2. Enable frequent users to use shortcuts
3. Offer informative feedback.
4. Design dialog to yield closure.
5. Offer simple error handling.
6. Permit easy reversal of actions
7. Support internal locus of control.
8. Reduce short-term memory load.”
As previously mentioned, data visualisation tools have become much more progressive in recent times, have these usability features accounted for today’s technology and requirements?
The ISO 9241-210:2010 (Appendix 1) looks at how software and hardware enhance human interaction (currently under review) and will need to be reviewed when looking at recommendations for this project. 
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Data is vastly becoming one of the main deciders for making valuable decisions in business.  Gone are the days that managers take guesses as to what they think may or may not work.  In today’s climate it is about hard facts and figures.  The problem with figures is that raw data does not mean much to an untrained eye.  In order to understand the data, it needs to be manipulated in such a way that it provides a picture for the end user to make informed assumptions and opinions. Muzammil Khan and Sarwar Shah Khan [7] write the definition of visualisation is the use of computer-supported, interactive, visual representations of data to amplify cognition.  
The first known diagram was recorded in 1644 [8]showing measurements of longitude from Toledo and Rome.  So, although data visualisation is commonly considered to be a new information tool it has been around for many years.
By the mid 1900’s computers were being introduced in the work place from the late 1900’s we see an influx of data related software applications.
Muzammil Khan and Sarwar Shah Khan identify the six steps of designing a “well-disciplined visualisation” as written by L. Chittaro [9]being 

1. “Mapping
2. Selection
3. Presentation
4. Interactivity
5. Human Factors
6. Evaluation”
Data visualisation is a way to show a set of figures as pictures to enable the end user to view and understand information.  
“Often the most effective way to describe, explore, and summarise a set of numbers – even a large set – is to look at pictures of those numbers”. [10]

This project will investigate and evaluate a chosen set of systems that enable the developer to manipulate a set of figures to provide an informative picture of the required information in such a way that the end user finds it easy to understand and translate to a wider audience.  A set of recommendations will provide an informative view on the best system to use and why.
The Medicines Management department produces regular reports based on evidential figures of prescribing information enabling informed decisions on how to introduce prudent prescribing across the Health Board enabling savings and implementation of informed prescribing decisions.  
Prescribing figures, statistics and analysis is used to transfer data into easy to understand presentations enabling members of the Pharmacy team to translate data that is often hard to understand into layman terms to give the ability to share prudent information across the wider team who otherwise may not understand statistical analysis.
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The aim of this study is to investigate the usability of data visualisation tools utilised by data scientists when using medium sized health care data.
To complete this aim, the following objectives will be completed:
I. Conduct a literature review on usability principles of chosen visualisation tools.
II. Perform an experiment to investigate the usability tools of data visualisation systems from the perspective of the end user. 
III. Analyse the evaluation of the experiment and suggest improvements for the existing and future systems.
IV. Implement data visualisation improvements to the Prescribing Clerks dashboard.
V. Generate a set of recommendations to employer for current and future projects. 
These will be carried out using the SMART objectives
[image: ]
[bookmark: _Toc5718727]Figure 1 – SMART objectives

This section has discussed the background and reasoning behind this project.  It has shown the aims and objectives, detailing what the project expects to deliver.  The next section will discuss the research methodology, why it has been chosen and how it is expected to deliver the aims and objectives. 
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The previous chapters to this literature discussed the reasons for this research with background understanding. This section will discuss the methodology behind the research and the development methods that will be used.
The research will be completed using the research cycle as shown in Figure 2


[image: ]
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Figure 2 shows the “Research Onion” [11] which highlights the associations between the philosophies, approaches, strategies, choices, time horizons, techniques and procedures.  It shows how each of these are determined and linked.
In order to progress with the research an appropriate philosophy must be chosen.  Research philosophies will differ depending on the strategies and approaches that are used.  
[image: ]
[bookmark: _Toc5718729]Figure 3- Research Onion
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This is the approach used to collect data, analyse it and how to use it.  There are four main types of philosophies. 

	TYPE
	DATA COLLECTION SOURCE

	Interpretivism 	
	Small Samples/Investigations/Qualitative

	Realism
	Will depend on the topic/can be quantitative or qualitative

	Positivism
	Large samples/can be quantitative and qualitative

	Pragmatism
	Multiple sets/ can be quantitative and qualitative


[bookmark: _Toc5718730]Figure 4 – Types of philosophy

The type of research carried out makes a big difference.  If the research is qualitative it primarily uses opinions and reasons which could be in the form of interviews or observations whereas quantitative research uses measurable data such as surveys, studies and interviews.
This project is about the development of data capture and visualisation and will be completed using quantitative research.  
The validity will be proven as it is using the data specifically collected for the data visualisation tool.  The people involved will be knowledgeable in this field.
Generalisability will be shown by the analysis of this data in the GP practice, Health Board and by comparing National results. 
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The research for this project will include qualitative and quantitative research enabling efficient collection of data and analysis, going on to report the findings.  
Once a philosophy has been chosen, a research approach is needed.  There are two choices
1. Inductive – a research process using observations.  The collection of data is used to analyse patterns, trends and relationships which formulates theories.  It uses experience to conclude the findings.
2. Deductive – this uses a hypothesis, design of an existing theory upon which the testing of this hypotheses is carried out to provide the conclusion.
The philosophy will be positivism and the approach will be deductive.  Using the methodology wall, it is easy to see which philosophies go with which approach.
[image: ] 
[bookmark: _Toc5718731]Figure 5 Methodology Wall
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The decision can now be made regarding the strategies.  Depending on the philosophy and the approach the strategies are formed (as seen in figure 5).
[bookmark: _Toc5718588]Software Development

For this project three software databases will be developed.  These will be created using three different software applications (chosen due to their wide availability and use within Swansea Bay Health board).
The data visualisation tools that will be reviewed are
· Tableau
· Excel/Power point
· Microsoft BI
All three databases will hold the same data sets targeting a specific group of users showing the usability values for the end user along with the usability values for the developer.  The data sets will be taken from a set of data used by the Health Board which could also be used on a National scale should this require generalisation.  There will not be any patient identifiable data to ensure that there are no ethical issues with the data.
[bookmark: _Toc5718589]Experiment

The primary research will be in the form of an experiment which will allow raw data to be collected and used for analysis.  This will show the user experience from a first-hand view allowing for human interaction study showing usability issues.  A quantitative approach gives the advantage of results that are fact and not open to interpretation.  
The experiment will be carried out using a variety of ages and knowledge/understanding to allow for the differences in familiarity to ensure the results are reliable.
This is a deductive experiment where one of the systems used will show to be of better usability values than the others. In order to complete this analysis, the experiment will track the user and the way they develop/use the system.  A set of tasks will be given to each user and the ability to manipulate the system and advance through it will be assessed.  
Human data interaction tools will be used to track eye movement. 
Each of the 10 usability heuristics [4] will be used to evaluate the systems.
This objective experiment will allow the phenomena to be observed and the knowledge then understood.  The data collected will be precise and reliable.  
[bookmark: _Toc5718590]Document Review

A document review is carried out by systematically collecting data, interpreting it to give an informative look at the research methods.  It will discuss the knowledge provided and the understanding to show how effective the project will be.
Relevant literature will be reviewed identifying any gaps in the literature, showing where the project intends to fill those gaps.
Research focus shall use the broader academic field for reference regarding the project.

The research methodology has been clearly discussed showing the intentional processes that will be used.  The next section will discuss development methodology that we will use for this research.
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Having discussed the research philosophy, approach and strategies in the previous section we will go on to discuss how we will develop these methodologies.
There are many development methodologies to choose from, review of the following assisted in the choice made for this project:
1. Waterfall	Thought to be better for the smaller project, each of the stages represents a unit of development which will commence following the previous stage.  It is however outdated, demanding up to 100 hours of development.  It takes a paperless approach not requiring consistent meetings.
2. Scrum		This demands a larger amount of development hours (i.e. suitability is over 300 hours).  It benefits from not relying on one leader but evenly allocating work through the group.  This is more suitable to longer running projects that require frequent changes to requirements.
3. Kanban		A minimalistic approach focusing on the visualisation of the workflow that is already in place. It is usually built up with three stages active, to do and done.  Suitable for complicated projects which has requirement changes.  Not being able to track the timing can be problematic.
4. Agile		Known for its ability to adapt and respond to change, this is for uncertain and unsettled projects.  Agile is flexible giving speedy constant delivery of useful software.
On review of the above it was decided to look further into both the AGILE method and WATERFALL method.



	Type 
	Pros
	Cons

	AGILE
	· Responds to change. 
· Accepts uncertainty. Fast review cycle.
· Flexible in releasing figures.
· Less upfront work.

	· Lack of understanding.
· Flexibility can lead to behaving badly.
· Culture fit.
· Lack of predictability.
· Integrated diverse skill sets into teams.
· Challenges at scale.


	WATERFALL
	· Relies of sequence of steps to complete using clear structure.
· No room for unexpected change, determines result early on.
· Works well for small teams transferring information well.

	· Change is difficult.
· Does not include the client or end user.
· Testing delayed until after completion.
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Rose Cooper [12] suggests there are 6 steps to take when choosing the correct research methodology
· Goals
· Statistical Significance
· Quantitative versus qualitative data
· Sample size
· Timing
· Availability of existing information 
Having reviewed the above processes, the choice was made to use the WATERFALL research methodology.
Waterfall is reported to have a better idea of the deliverables earlier on in the life cycle which will allow for the design to need less changes throughout the process.  However, this does not mean that changes may need to be implemented during the cycle.
It also has the advantage of working well for small teams as this project will have minimalistic members.  It is simplistic and easy to understand. 


The following diagram shows how the waterfall system is structured and will provide a good structure for this project.
[bookmark: _Toc5718733]Figure 7 Waterfall Model[image: ]

Having clearly established the development methodology we will move on to discuss how we will collect the data and analyse it in the next section.
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Now that the development method has been defined, we need to look at what data will be collected and how it will be analysed.
Many forms of data will be collected using the eye tracker, questionnaire and comparison of usability requirements.  These will provide evidence in which to base the design of the project.  
The eye tracker will assess the ease of use for the user along with a host of other data analysis options.  It measures our point of gaze recording movement and position.  We see what people look at on the screen, review where the users’ attention is placed and on what, measure the amount of time the user looks at certain things, the order in which things are viewed and if they are reviewed.  This will help to assess how the user sees the dashboard before and after changes are made.  
As we are using three types of software for this project, we will have three sets of results.  We will be able to see which application provides better user experience and understanding.
A questionnaire will tell us how the user finds the system in terms of ease of use.  A series of questions will show how easy it is for the user to find the required information on the screen as well as exactly where they are looking which shows their understanding of the question they have been asked.
This project will find out which system delivers the best dashboard.  It will measure usability and provide a set of recommendations for future use.  It will also provide a dashboard for the Prescribing Clerk scheme.  This will mean that a variety of people will use the dashboard for different purposes:
The designers – the people that use the system to produce the dashboard.  It will need to be easy to use and provide the required design requirements.
The users – the people that will use the dashboard to complete tasks i.e. present information to managers, financial investors etc.  It is of the utmost importance that the dashboard is easy to use and navigate. 
The clerks – these are the people that will need to understand the dashboard to learn how to improve performance going forward.  It will show past analysis and provide future opportunities.
The minimum success criteria will be to produce a set of recommendations for choice of visualisation tools and to deliver an updated dashboard for the Prescribing Clerk Scheme.
[bookmark: _Toc5718593]Expected outcomes and deliverables.

The minimum success criteria for this project will be to provide a set of recommendations that will 
· Highlight the system best used to create future dashboard 
· Gain a better understanding of usability, using it to analyse the existing system.
· To create a new dashboard for the Prescribing Clerk Scheme utilising research findings.
This section has outlined the data we shall collect along with the expected outcomes and deliverables, we have included the users that it will affect and shown the reasons for this.  The next section will discuss any risks or limitations for the project.
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This section will discuss any risks or limitations that may be met and any resources that will be needed.
Every project will have some sort of risk and/or limitations.  This project will have the following risks
1. Time management / Workload issues
2. Software problems due to NHS accessibility
3. Project constraints (Prescribing Clerk Scheme changing direction)
4. Dashboard build not being completed due to inexperience
5. Ethical issues 
The dashboard will require input from staff members within the department of the NHS due to the data load that is being used.  This is not part of their remit so good will is being counted upon to complete certain tasks.  The experiments and questionnaires will also need staff to participate perhaps in their own time although this should not be problematic as preliminary arrangements are already agreed. 
In order to address the time management issues, the use of a GANT chart will help.  This allows for time constraints to be viewed and adapted if there are any forceable problems with planning and scheduling.  The timeline will be easy to see showing each event and its expected delivery.
This project is part of the NHS.  Therefore, any ethical issues will need to be met and adhered to.  No patient identifiable data will be used although practice details may be included. Completion of an ethics form will be a requirement.
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To support this project certain resources will be required.  They will assist in the successful completion of the project  
· Laptop – to download the chosen databases and complete the final dashboard
· Microsoft Excel (Application 1)
· Microsoft Business Intelligence (Application 2)
· Tableau Desktop (Application 3)
· Tableau Reader (To view application 3)
· Microsoft Power point (To view application 1 & 2)
· Microsoft Word (to write the set of recommendations)
· Microsoft Project – Gant chart 
· Eye tracker
· Eye tracker software
· Journals/Papers/Articles/Books for research – UWTSD Library
· Survey/Questionnaire software 
· Staff to complete the survey/questionnaire
· Staff for the experiment
There may be other requirements that will be highlighted during the project, the above list endeavours to show the main resources required at the implementation stage of the project.
[bookmark: _Toc5718596]Conclusion

This project shows the reasons behind its initiation, it is backed up with literature from a variety of sources and explanations detailing how it will be carried out.
We have looked at the aims and objectives, the research methodology that will be used along with the way in which it will be developed.  The desired outcomes have been discussed showing how data will be used and managed to deliver these outcomes.
The risks have been highlighted and resources have been listed.  The following GANT chart shows the timeline that has been produced to show the achievability of this project.

[bookmark: _Toc5718597]Timeline & Planning

The timeline below has been produced using fictional data as the project will not commence for a further 2/3 years.  This is because it is being led by a part time student who has completed this project proposal as part of the second year Research Methods module.  The time line would have a different start date and this would therefore affect the time given to each section to allow for the end time to be in an acceptable time frame.  The details however would be the same.




Timeline
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[bookmark: _Toc5718734]Figure 8 – Timeline of project
Gant chart
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[bookmark: _Toc5718735]Figure 9 – GANT chart for project
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ISO 9241-210:2010

ISO 9241-210:2010 provides requirements and recommendations for human-centred design principles and activities throughout the life cycle of computer-based interactive systems. It is intended to be used by those managing design processes and is concerned with ways in which both hardware and software components of interactive systems can enhance human–system interaction.
Checklist for the development of heuristics for evaluation of dashboard visualisations.
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