


Abstract
This research proposal investigates the design, development and implementation of a clinical dashboard.  Consideration is given to whether a live medication surveillance dashboard can reduce or even eliminate missed drug administrations during live Haemodialysis treatment. 
A literature review was undertaken and is detailed within.  Research and development methods are also analysed and their use justified, followed by details of resources required and project management tools and techniques.
Any additional resources drawn upon are referenced and credited in the References section.
For more information on the author, please visit the below LinkedIn profile:
www.linkedin.com/in/mikedwakelyn 
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1. [bookmark: _Toc7806277]Introduction

This introduction considers the proposed research project and describes the setting in which it will take place.  A brief examination of current literature and relevant research pertaining to the project is undertaken and aims and objectives, as well as expected outcomes are detailed.
A conclusion is drawn at the end of the section to summarise the main points.
The title of the project is ‘Using data visualisation to provide live medication administration surveillance and reduce missed medication doses in haemodialysis patients’.

Many healthcare organisations use electronic systems to prescribe and administer medications, as well as retrospectively monitor dosing success with audit procedures.  Whilst this has been common practice for some time, advances in information capture, extraction and visualisation provide an opportunity achieve this in real time.  That is to say, live medication administration surveillance is entirely possible with the development and implementation of appropriate and sufficient data extraction and visualisation techniques. 
It is the latter part of the process that this research proposal aims to explore.  The possibilities of reducing (or eliminating) the number of missed medication doses, in particular, for patients receiving renal replacement therapy (RRT) and in particular, those receiving Haemodialysis (HD) in South and West Wales.

1.1. [bookmark: _Toc7806278]Data Visualisation and Dashboards – Industry Background

In its most basic form, ‘to visualise’ is the human cognitive activity of forming a mental model or mental image of something [1].  In simple digital terms, information visualisation is exactly this with the added benefit of computational support.  
Data visualisation and particularly dashboard design have become hugely popular in the last few years and may appear to be a recent addition to the IT toolset.  In fact, dashboard design has roots grounded in the 1980’s and began life under a different guise.  ‘Executive Information Systems’ (EIS) [2]. 
Today, the term dashboard can be defined by Stephen Few as:
“A visual display of the most important information needed to achieve one or more objectives, consolidated and arranged on a single screen so the information can be monitored at a glance” [3]
However, although Few’s definition above goes some way to describing what a dashboard is, his later literature, Information Dashboard Design – Displaying data for at-a-glance monitoring attempts to highlight what a dashboard isn’t.  

He explicitly lists what in his views are the four key points that a dashboard is not [2, p30]:
· A screen that is used for data exploration and analysis
· A portal
· A scorecard
· A report that people use to look up specific facts
Expanding on this, a dashboard can be described as a tool to help maintain situation awareness.  For example, nurses are required to administer specific medications at certain points throughout a HD patient’s 4-5 hour dialysis session.  A live administration dashboard that dynamically displays the patient’s currently receiving dialysis, start and end times of their sessions and outstanding medications as the session develops, would allow supervising clinicians to proactively adjust their practice to ensure all required doses are administered.  This is in contrast to retrospectively monitoring for anything that may have been incorrectly dosed or not administered at all, as currently happens in Swansea Bay University Local Health Board (SBU LHB) renal services.
Stephen Few suggests a foundation upon which all dashboards should be designed – supporting the ‘The Performance Monitoring Process’ [2, p32].  This process involves four primary stages:
1. Update high-level situation awareness.
2. Identify and focus on particular items that need attention.
a. Update awareness on this item in greater detail.
b. Determine whether action is required.
3. If action is required, assess additional information that is needed, if any, to determine an appropriate response.
4. Respond.
It is these four principles that are at the forefront of delivering efficient and prudent healthcare.  For example, the digital display on today’s physiological monitors provides enough information to allow the clinician to maintain or improve situation awareness.  Heart rate and blood oxygen levels are displayed clearly and server to identify and focus on items that may need attention.
This in turn, allows the acting clinician to determine whether action is required and if it is, they can respond.  This is the fundamental aim of this project, to research and design a clinical dashboard that will enable healthcare providing parties to act at the maximum of their professional abilities, enable safe and efficient healthcare and help to prevent harm coming to the people that they care for.


1.2. [bookmark: _Toc7806279]Dashboard design – Overcoming the challenges

As with any system designed to improve it is important to understand the challenges, learn from those who have tried and failed before us and build on the success of others.
In his book, Information Dashboard Design: The Effective Visual Communication of Data, Stephen Few notes thirteen common mistakes in dashboard design [4, p39].
1. Exceeding the boundaries of a single screen
2. Supplying inadequate context for the data
3. Displaying excessive detail or precision
4. Choosing a deficient measure
5. Choosing inappropriate display media
6. Introducing meaningless variety
7. Using poorly designed display media
8. Encoding quantitative data inaccurately
9. Arranging the data poorly
10. Highlighting important data ineffectively or not at all
11. Cluttering the display with useless decoration
12. Misusing or overusing colour
13. Designing an unattractive visual display
It is this list of common mistakes that will guide the design aspects of a live digital surveillance dashboard which is aimed at reducing the number of missed medication administrations in haemodialysis patients.

1.3. [bookmark: _Toc7806280]Healthcare Data – It is only good data if it is used

According to the EMC infographic Vertical Industry Brief: Digital Universe Driving Data Growth in Healthcare, healthcare is one of the fastest growing segments of the Data Universe and is growing at a rate of 48% per year, compared to a 40% growth per year in the Data Universe as a whole.  The EMC suggest that by 2020, the healthcare data segment will total 2314 Exabyte’s in size (1 Exabyte = 1,000,000,000 Gigabytes) [5]
Scope for data analytics within healthcare is vast and the industry data contributes to a major portion of that generated worldwide.  In a digital, data driven world, the need for data analytics to improve the quality of healthcare is more prevalent than ever [6].
Historically, medication prescriptions and administrations have been recorded on immeasurable quantities of paper based drug charts.  Even today, many healthcare environments have not embraced the full potential of big data and data analytics and this include the National Health Service in Wales.
At the Morriston Hospital Renal department, which at the time of writing forms part of SBU LHB, manages and delivers the care of over 500 chronic haemodialysis patients across the South and West Wales region, including hospitals in Harverfordwest and Aberystwyth. 
The team of multidisciplinary professionals, including consultant nephrologists, consultant pharmacists, pharmacy technicians and IT engineers have developed an Electronic Prescription and Medication Administration system (EPMA).  This is a digital solution to paper based drug charts and enables clinicians to deliver highly effective, cross regional care at the click of a button.  The system mandates the recording of professional registration numbers and each action is auditable and traceable to an individual.
The introduction of EPMA underlined the flaws of a paper based system and highlighted that a significant number of prescribed medications were not being administered during the patient’s haemodialysis sessions.
Given the difficulties of auditing and transferring paper based drug charts over a region that spans one third of Wales, this is not surprising and it was evident that live administration surveillance was required.
‘Trusted to Care – An independent review of the Princess of Wales Hospital and Neath Port Talbot Hospital at Swansea Bay University Health Board’ is a paper documenting an in-depth review process of patient care in the above mentioned hospitals. It was commissioned by Mark Drakeford, AM, who at the time was the Minister for Health and Social Services in the Welsh Government and undertaken by Professor June Andrews and Mark Butler.
The review was undertaken between December 2013 and April 2014 and although it focuses on the two above mentioned hospitals, it also reflects on specific broader issues which relate more generally to the NHS in Wales and was subject to concentrated media attention through the duration.
One of the recommendations of the review was for the Board of SBUU to “adopt a zero tolerance approach to improper administrations of medicines for all clinical staff” [7]
From the perspective of patients with chronic kidney disease, this is paramount to their daily care and indeed the length and quality of their lives.
A theme consistent within many healthcare environments, not just SBU LHB, is that capturing data is simply part of daily work life.  Whether they realise it or not, anyone who uses paper, a computer system or other device to record data is capturing data either directly for on behalf of their organisation.  Data capture is, for all intents and purposes, something that SBU LHB is particularly good at.
The same can be said for data storage.  SBU LHB as an organisation is sitting on masses of healthcare data that can be utilised to improve patient care/experience and clinical practice.  Where SBU LHB underperforms as a healthcare provider, is in extracting that data and presenting it to the relevant parties in a concise, meaningful way that enables them to act on it.  However, in the renal department at SBU LHB, the winds are changing and the importance of live data visualisation is becoming clear.

1.4. [bookmark: _Toc7806281]A Live Renal Medication Dashboard – Real-time access to real-time data

The Renal department at Morriston Hospital are not the first renal service to consider dashboards to improve the delivery of renal care.  In January 2019 BMC Nephrology published an article, written by Theresa A. Mottes, Stuart L. Goldstein and Rajit K. Basu on ‘Process based quality improvement using a continuous renal replacement therapy dashboard’.
Through conducting a single-centre process improvement project to determine if assessing the quality of Continuous Renal Replacement Therapy (CRRT) would lead to an improvement in in CRRT delivery outcomes.
They reported that adopting quality improvement strategies as well as a digital dashboard provided a means for measuring adherence to the institutional standards as well as the delivery of CRRT with specific focus on patient care [8].  However, Mottes et al were using existing data to retrospectively evaluate outcomes in order to make future improvements.
This project aims to develop an intuitive, minimalistic dashboard visualisation that presents live medication data for patients currently undergoing haemodialysis treatment.  This will allow renal nurses to see at-a-glance outstanding medications patients undergoing treatment at the time are due to receive.
In order to achieve this, the following objectives will need to be met:
1. Investigate what makes an effective dashboard.  Analyse and evaluate existing dashboard solutions both internal to SBU LHB and external to the healthcare industry entirely.

2. Critically evaluate a number of dashboard development tools.

3. Design and develop the method of data extraction (direct connection from the chosen dashboard development tool or regularly scheduled SQL data extractions).

4. Design and evaluate the newly implemented system, measure success and suggest recommendations for future improvement.
The successful implementation of a live dialysis medication dashboard will work directly towards achieving the ‘zero tolerance’ approach to medication administrations mandated by the Trusted to Care Executive Summary published in 2014.
Real-time access to this data is expected to reduce missed medication doses to a minimum, meaning only medications not given for genuine reasons, such as allergies are omitted from the patients dosing regimen.
To complement the live outputs, a suite of clinician designed, engineer developed and nurse run digital reports will be available on demand, allowing a retrospective look at missed medication doses to evaluate and validate the reasons for them not being administered.

1.5. [bookmark: _Toc7806282]Conclusion

Section one has introduced the concept of data visualisation and the existing literature by leading industry experts, detailing the foundations of effective dashboard design and utilisation and highlighting some of the common design mistakes.
The challenges that NHS Wales face as a whole after the release of the Trusted to Care review as well as the concept of live medication surveillance in the context of patients with chronic kidney disease undergoing haemodialysis have been discussed. An examination of existing approaches to using digital dashboards to improve care for renal patients was undertaken.
Also considered was the overarching aim of the project, which was further divided in to four main sub-objectives.

2. [bookmark: _Toc7806283]Research and Development Methods

In section one, an outline was given as to the scope of the project, its potential in the real world and a brief review of the current literature published around both dashboard development and design in general, as well as the use of dashboards to improve clinical practice.  Section two will consider the research and development methodology employed during the project.  It will address the chosen study population, risks to the project and data collection method during project evaluation.  
These topics are all aligned with figure 1 below - ‘The Research Wall’.

[image: ]
[bookmark: _Toc7522001][bookmark: _Toc7552802][bookmark: _Toc7803022]Figure 1 - The Research Wall [9, p11]







Figure 2 is a simple illustration of the differences between the two epistemologies, positivistic and phenomenological.
[image: ]
[bookmark: _Toc7552803][bookmark: _Toc7803023]                 Figure 2- Positivistic vs Phenomenological epistemologies [9, p14]

To begin, an appropriate research philosophy needs to be determined.  
As can be seen, positivism usually leads to a deductive approach to research where a hypothesis is developed and appropriate research strategies applied to test. Whereas, a phenomenological approach is usually inductive, in that data is collected, analysed and then a theory is developed around it.

[bookmark: _Toc7806284]2.1.	Research Methods

[bookmark: _Toc7806285]2.1.1.	Philosophies 

Given the nature of this project, the most appropriate philosophy is “Positivism”.
This research project explores the potential to improve the quality of clinical practice in a healthcare environment.  The knowledge and research acquired will be based on physical observation and/or experience of phenomena in the real world.  Objective experiments will be carried out to observe the impact of a live medication surveillance dashboard throughout the entire development, design and evaluation process.
Data collected during testing will be of a quantitative nature.  Test scenarios will be developed that fully replicate live haemodialysis sessions with multiple patients being treated, all of whom will have individually designed medication regimes that reflect real world circumstances.  The dataset will comprise over 1000 fictitious patients, with the ability to tailor prescriptions for any combination of individuals accordingly.  
The test data will be manipulated by qualified renal pharmacists to adequately reflect that of the existing live haemodialysis population. This means that it can be considered reliable and unique ID’s selected randomly will provide a general, non-biased sample of the dataset.

[bookmark: _Toc7806286]2.1.2.	Approach

With a positivistic philosophy being most appropriate, a deductive approach is required to prove or disprove the hypothesis:
‘Live surveillance of medications administered to haemodialysis patients will reduce the number of missed medication doses during haemodialysis treatment’
Conversely, the null hypothesis is:
‘Live surveillance of medications administered to haemodialysis patients will NOT reduce the number of missed medication doses during haemodialysis treatment’
A structured approach ensuring that the correct scientific principles are applied, and moving from the hypothesis to the collection and analysis of large quantitative datasets, the researchers are assuring deductive emphasis.  
However, there is to be an element of qualitative record gathering.  Usability studies and surveys will provide opportunities to record user engagement and how each iteration of the system is received.  This will complement the findings and reinforce the results.
Upon completion of the project, researchers will be able to quantify the implications of live medication administration surveillance in the renal unit at Morriston Hospital, Swansea and reject one of the above two hypotheses.  

[bookmark: _Toc7806287]2.1.3.	Strategies

There are three main strategies in figure 1 that can be applied to research undertaken during this project.

2.1.3.1.   Software Development

The main aim of this research project is to utilise technology to improve clinical practice.  This requires analysis and evaluation of myriad software packages that provide the ability to develop tailored software solutions, such as dashboard creation software.
Consideration will be made as to which package is most appropriate.  Data will be collected and reflected upon to decide on the most appropriate tool for the job.  These decisions will take in to account financial pressures, resource and technical limitations. 

Utilising appropriate information system design methodologies as defined in the latter chapter, 2.3.  Design Methodology, system development will follow a number of procedures and employ various tools and techniques.  This affords regular opportunities to evaluate and redevelop as required.  

2.1.3.2.   Document Review

According to the Royal Literary Fund, a literature review is:
‘A search and evaluation of the available literature in your given subject or chosen topic area. It documents the state of the art with respect to the subject or topic you are writing about.’ [10]
During research and development, an in-depth and continuous literature review will take place.  This will include comprehensive exploration of existing literature from experts in the variety of associated fields.
Using existing literature, prominent researchers in the field of technology, dashboard design and clinical practice will be identified, as will the main theories around developing effective dashboards and integrating technology in to clinical practice in a live healthcare environment. 
The document review will also aid in identifying any positive and/or negative factors that may influence or affect the project, confirming its practicality and providing an opportunity to compare outcomes with similar design.  

2.1.3.3.   Case Studies

‘The case study approach is particularly useful to employ when there is a need to obtain an in-depth appreciation of an issue, event or phenomenon of interest, in its natural real-life context.’ [11]
The above statement and thus the case study strategy is seamlessly aligned with the scope of this project.  The issue being addressed is one of huge clinical significance with a high potential for positive impacts on patient care.  
While this particular project makes use of fictitious patients and medication regimes, they accurately replicate real-world phenomena.  It will be possible and indeed necessary to carry out multi-faceted explorations of the complex issues surrounding both digital innovation in healthcare and the complexities of medication administrations during RRT.
Intensive examination of the current medication administration practice will be undertaken along with analyses in to the surveillance methods currently in use.  Existing literature detailing the development of these surveillance methods will be scrutinised. 

Assessments of each iteration of the new system will be carried out in collaboration with the clinical and administrative user-base, along with formal usability tests and the System Usability Scale (SUS) to assess user receptiveness and engagement.

2.2. [bookmark: _Toc7806288]Development Methods

2.2.1. [bookmark: _Toc7806289]Becoming AGILE

There are a multitude of software development methods that one could utilise when developing a new system.  More traditional Software Development Lifecycle (SDLC) methods include the Waterfall model, has a sequential structure with the requirement that each phase is complete before the next phase can begin.  There is no overlap between phases as can be seen in figure 3  [12, p2].
[image: ]
[bookmark: _Toc7803024]                           Figure 3- The Waterfall Method [12, p2]
More iterative processes such as the Unified method are also available but today, there is strong focus on Lean software development.
The AGILE software development method is an example of Lean software development practice and is defined as:
‘An umbrella term for a set of frameworks and practices based on the values and principles expressed in the Manifesto for AGILE Software Development and the 12 principles behind it’ [13]



These 12 principles are detailed in the Manifesto for AGILE Software Development released by the AGILE Alliance, along with for key values [14].
1. Individuals and interactions over processes and tools
2. Working software over comprehensive documentation
3. Customer collaboration over contract negotiation
4. Responding to change over following a plan
It is the AGILE method, and more specifically, Feature Driven Development (FDD) that will be utilised for this particular system development.  Figure 4 shows the FDD project lifecycle.
[image: ]
[bookmark: _Toc7803025]       Figure 4 - FDD Lifecycle [15]

The very nature of a clinical dashboard demands design by interaction with individuals.  Without clear understanding what the main users require, it is virtually impossible to make an efficient system that compliments clinical practice.  Dashboards also need to be simple in both design and usability.  Thus a working software over comprehensive documentation is equally important.
The researchers and designers for this project are already based within the department.  They are well suited to customer collaboration and already have well established working relationships.  This negates the need for complex contract negotiations and tenders opportunity to offer user guided design from the start.  As a result, the requirements analysis will likely be direct and comprehensive.
Finally, these relationships with the main stakeholders should result in minimal turnaround between deployment of each iteration and user feedback, allowing the team to respond to changes in the needs, rather than following a rigid plan.


2.2.2. [bookmark: _Toc7806290]The study population

The existing electronic patient record in use within the renal department at Morriston hospital is well established.  It has over 30 years of data on patients with varying degrees of kidney disease.  
As with any well build IT system, there is a test environment with anonymised patient data, treatment plans and medication regimes.  The research and development team have full licence to manipulate the data as they see fit and so replicating actual patient regimes in the test environment is a simple process.

2.2.3. [bookmark: _Toc7806291]Identifying Risks, Limitations, Ethical and Legal Issues

Designing and implementing systems intended for clinical applications inevitably carry risk.  There are several issues that need be addressed before approval for the project can be attained.  These are:
1. Application to the varying ethical bodies – This is to ensure full legal compliance (e.g. data being used is either fictitious or permissions has been sought from the patients whose data you are using)
2. In light of GDPR, the General Data Protection Regulations in Europe, appropriate assessment and permission from the relevant parties to use the health board data is needed.  In SBU LHB this means contacting the data governance department and formerly agreeing its use and, importantly, the conditions of its use.
3. Agreement by the health boards IT managers to install student held licences of development software, as well as other open source development tools is also required.  The IT department either need to agree to its use and install the software, or provide administrator privileges for the design team.
As well as approval conditions, there are a number of limitations that may affect the ability of the research and development team to carry out the required tasks.  Members of the team are currently undergoing part time study and have full time work commitments.  
The clinical parties relied upon to guide collection and/or manipulation of the data also contribute to published material in their own fields as well as care for the active renal patient population.  This may present issues in them being able to provide their time.
These time limitations may negatively impact the agreed timescales of the project but can be mitigated using PESTLE analyses, PERT diagrams, GANTT charts and other project planning tools.
The most significant limitation in terms of system development is skillset.  The clinical team are extremely experienced in their fields, ensuring a reliable dataset.  However, the technical members are inexperienced in designing digital dashboards.  Time will need to be allocated to allow research in to a variety of design tools and upskilling the workforce sufficiently.
2.2.4. [bookmark: _Toc7806292]The Final Product - Evaluating the results

Upon implementation of the completed dashboard, it will be necessary to evaluate the outcomes.  The methods utilised will offer the greatest opportunity to gather the most data in the time allocated and will consist of a full comparison of the dashboard against the initial user requirements.  Investigation in to how it compares with the original aims and objectives will also be carried out in order to ascertain whether or not they have been achieved.
Software testing will be undertaken throughout development and upon deployment of the completed system to ensure that it is capable of performing as required as well as to identify any outstanding or limiting issues.
The clinical team will be asked to complete surveys and participate in interviews at both the beginning and at the end of the project and usability tests will be carried out. The System Usability Scale [16] will also be utilised.  
Combining all of these methods along with the continued study of missed doses in the renal patient population through rigorous simulations using the test environment should address the topic of this project and either confirm or reject the hypotheses.

2.3. [bookmark: _Toc7806293]Conclusion

In section two, a variety of research and development techniques were examined and their use justified.  Ethical, legal and governance risks have been addressed as well as limitations in selecting and using development tools along with time limitations for all potential parties involved.
The next section will consider the resources required to achieve the stated aims and objectives.

3. [bookmark: _Toc7806294]Resources and Planning

The penultimate section analysed myriad research and development techniques and addressed risks, data collection and data examination.  
This ultimate section will consider the required resources and project management skills to make this a successful project.





3.1. [bookmark: _Toc7806295]Required Resources

In order for this project to be successful and the dashboard to have a positive impact on reducing missed medication doses, the following resources will be required:
[bookmark: _Toc7806296]

3.1.1.	Hardware and Physical Resources

· Laptop – For use when designing and developing the system
· HD touchscreen monitors – To display the dashboard to the users and allow them to interact

[bookmark: _Toc7806297]3.1.2.	Software Resources

· MySQL Server -  to house the data
· MySQL Workbench  – to interrogate the dataset and extract the patient data
· Crystal Server 2016 – Server based data extraction tool.  This will allow automated data extractions at defined intervals that will be saved to a specific location autonomously 
· Virtual Server Environment – To house the MySQL database and Crystal Server 2016 system 
· Network Storage Area – This will store the automated outputs that drive the dashboard
· Microsoft Project or similar package – Used to effectively manage the project from start to finish.
· Tableau/MS Power BI - or other dashboard design system for front end development
· Licenses for all of the above – Appropriate licence agreements for the above systems is required

[bookmark: _Toc7806298]3.1.3.	Literature Resources

· IT systems development materials – journals, books, articles etc.  To be acquired from the library, purchased and/or from online sources
· Material specific to subject area – Dashboard design and data analytics literature.  Library, online sources or purchased
· Clinical literature – Pertinent to integrating technology in to clinical practice



[bookmark: _Toc7806299]3.1.4.	Other Resources

· Clinician time (4-6 hours total) – To allow user driven design and requirements analysis as well as for the iterative review process
· Pharmacist time (6-8 hours) – For medicines governance and to create accurate treatment and medication regime
· Parallel running (2 days) – A period of running both live and retrospective surveillance
 
3.2. [bookmark: _Toc7806300]Project Planning and Management

In order to effectively manage each phase of the project, a Gantt chart was constructed.
Figures 5, 6 and 7 show a detailed task list that was created to highlight each step of the project, from literature review to deployment and full writ-up.  Figure 8 shows a sample of the GANTT view of the task list.
Other tools, such as PERT and PESTLE analyses can be utilised to compliment the Gantt chart and provide a more granular, representative view of project timescales and features.


[image: ]
[bookmark: _Toc7803026]             Figure 5 - AGILE GANTT Task List 1
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[bookmark: _Toc7803027]        Figure 6 - AGILE GANTT Task List 2
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[bookmark: _Toc7803028]       Figure 7 - AGILE GANTT Task List 3

[image: ]
[bookmark: _Toc7803029]Figure 8 - GANTT View of Task List
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