Introduction
A Healthier Wales is a national policy aimed at improving the value of healthcare provision in Wales (A Healthier Wales, 2021). The aims, albeit broad, are what enable local health boards to enact change in a directed fashion. These aims are:
1. Improved population health and wellbeing
2. Better quality and more accessible health and social care services
3. Higher value health and social care
4. A motivated and sustainable health and social care workforce
For the purpose of this assignment and implementation, focus will be on aim three, to give direction to the discussion of Value Based Healthcare.
Value Based Healthcare describes numerous avenues in which efficiency, quality and consistency in healthcare can be improved. Smith et al. (2020) identifies twelve levers for values-based policy:
1. Working across sectors for health
2. Fiscal and regulatory measures for health promotion and disease prevention
3. Strengthening primary healthcare
4. Funding health care for universal access
5. Setting a health benefits package
6. Strategic purchasing for health gain
7. Paying for quality
8. Integrated people-centred health services
9. Evidence-based care
10. Stepping up the introduction of eHealth and digital health
11. Involving patients in their own care
12. Involving citizens in decision-making
Alongside the policy levers and aims of A Healthier Wales, defining what is meant by value is crucial to assessment and new implementation. The European Commission Expert Panel provide four pillars of value, to aid in defining what is meant by the term “value”:
· Technical value, where an outcome is optimised within the current environment and capabilities
· Allocative value, equitable health care access and distribution of services across stakeholder groups
· Personal value, the value a patient gives a certain goal, intervention or behaviour, as well as a healthcare service behaving in a person-centric way
· Societal value, the impact of healthcare on wider society (Defining Value in “Value-Based Healthcare,” 2019)

Baumhauer & Bozic, (2016) assessed the impact of Patient Reported Outcome Measures (PROMs) on orthopaedic interventions, determining several key factors. Firstly, that higher functioning individuals were less likely to have a positive outcome from hip arthroplasty surgery, which they explain enables a meaningful conversation regarding prognosis in early discussions. Secondly, they discuss that patients who read their notes and collected their own health data were more engaged in their healthcare. This in turn leads to reportedly improved outcomes following knee arthroplasty surgery, namely reduced pain relief use and increased satisfaction scores (Andrawis et al., 2015). Finally, albeit an American model, they highlighted a cost saving implication. As they were collecting live data on patient recovery, they noticed thresholds could be set in order to trigger referrals to physiotherapy or whether to self-manage. The latter of these, a referral, would then result in patients incurring costs for treatment (Berliner et al., 2016).
The scope of this policy, and by extension the four pillars of value, is too great for a single implementation to encompass entirely. However, by separating into individual or groups of items it becomes a more tangible task. PROMs have been highlighted as integral to value-based healthcare, aligning with both Personal and Technical value. PROMs that allow the patient to define the metric being assessed provide a meaningful evaluation for the patient journey as it relates directly to an impactful goal. This is certainly true for the Patient Specific Functional Scale (PSFS), where a patient chooses the outcomes to be measured and rates them on a scale of zero to ten (Stratford et al., 1995). 
Service Improvements
Policy lever 8 directs a service towards integrated people-centred health services. Work is currently being completed within Cardiff and Vale University Health Board (CAVUHB) via a co-production method, in providing digital correspondence and documentation prior to an appointment.
As part of this transition, it is feasible to suggest that PROMs could be sent to a patient digitally via this method, arguably easing access and response percentages. Meirte et al. (2020) agrees with this notion, finding that digitally accessible forms increased likelihood of completion and return. However, the failing of this method is it lacks a collection method. The delivery system in place is one-way, meaning that there is no greater benefit than a paper copy with regards to data collection itself. 
It is understood that patient involvement in their care improves user engagement and outcomes (Andrawis et al., 2015). As such, a necessary requirement is ease of stakeholder access, with access to data at both sides. An example of this is a clinician being able to request PROM completion, the patient then submitting their results, with both parties being able to access the outcome. This would then allow trends to be assessed by both individuals, enabling more impactful shared decision making and aligning with a seamless care model (Tapuria et al., 2021). This is entirely lacking in the system as is, whereby a paper form is completed and uploaded to an Electronic Patient Record (EPR) which is not accessible externally.
Methods
Requirements
When discussing requirements, it is important to define terminology and the relevant subsections within this topic: Functional and Non-functional. Functional requirements refer to what the technology strives to achieve. They determine specific actions, such as the user interface and the intended tasks. For the example of an EPR, the functional requirements would include the ability to store patient demographic details, write and store clinical information including patient notes, and the ability to upload documents externally such as PDF files that may be relevant (Sommerville, 2016).
Non-functional requirements refer to the architecture and framework of software. This includes security, performance, reliability and clinical safety. Security may refer to data encryption, password protection, or other forms of user verification to limit access. Performance refers to data processing ability, such as amount of data processed per second. Reliability often refers to the resilience of the software, for example how long is tolerable for a system to reboot after failure. Clinical safety is similar in function to security and determines the protections around clinical data and subsequent access (Sommerville, 2016).
Other requirements of note include interoperability and data collection. Interoperability refers to the ability of different computer systems to interact, communicate and share data (Sommerville, 2016).  Data collection, in the instance of PROM collection, ties directly into the functional requirements. It highlights how this data will be collected and stored, and the uses once collected. 
Data collection for this analysis was unfortunately small, as given the available timeframe many staff were unavailable for interview or questionnaires due to clinical duties occupying their time. However, some higher management staff were available including a consultant physiotherapist with a specialist interest in value-based healthcare, and the service lead for outpatient musculoskeletal physiotherapy. Discussions were had around service goals, and how well they align with the A Healthier Wales policy. This, combined with ethnography provided a cross sectional view of the department and allowed service requirements to be established.  
Ethnography is an observational technique to allow context to be given to a software development (Sommerville, 2016). As software is not used in isolation, it is important to study the wider service it will be applied to in order to minimise any unforeseen flaws or failings. Ethnography has been cited to provide two benefits, due to observing “real world” practice:
1. Requirements based upon how people work in practice
2. Requirements based upon co-operation between colleagues (Sommerville, 2016)
During an interview, people may describe their internalised viewpoints or an ideal working environment, whilst misremembering the practicalities of a working day or having a skewed opinion of an already established practice. For example, when asked about a simple digital change such as moving information sharing to a cloud store, colleagues may over-emphasise the complexity or difficulty in accessing information due to their own personal dislike of information technology, instead of a true representation of the technology itself. However, it is still prudent to acknowledge this as it alludes to a deeper reason why a digital solution may fail in this department (Kane et al., 2018). 
Gap Analysis
A gap analysis is a four-stage process designed to help enable formulating a plan of moving from current state to an ideal future state. Whilst multiple templates exist, there are four main themes: 
1. Identify the current situation
2. Identify the ideal future, and set goals
3. Analyse the gaps between where you are and where you want to be
4. Establish a plan to close existing gaps (Gap Analysis Template – Forbes Advisor, 2022).
As part of requirements engineering, stage one has been completed by establishing current practice. For stage two, a set of reasonable goals are as follows:
· Establish a standardised data set to begin regular service evaluation
· Enable patient-initiated follow-up within one year
· Increase PROM usage clinically within 6 months
· Improve patient outcomes and increase value of physiotherapy intervention
Unfortunately, to fully align with the Healthier Wales policy a goal of increasing patient engagement or satisfaction by a measurable degree would be relevant. However, without a baseline measurement of these values, this goal becomes impossible to set. 
Stage three was carried out initially by comparing the technical requirements to the goals listed and considering whether they effectively contribute. Then, for any options that failed to contribute effectively, a list was made of the improvements necessary to correct this. Finally, based upon the policy goals, additions to the list were made for areas that were not currently addressed. 
Stage four, establishing a plan to close the gaps, leads to the options appraisal. 
Options Appraisal
As highlighted by Local Partnerships (2012), options appraisal consists of five phases: 
1. Identifying the strategic context, 
2. Developing evaluation criteria, 
3. Develop a short list of options, 
4. Validation of outcomes, 
5. Next steps. (“Options Appraisal Workbook,” 2012)
Phase one involves agreeing the context of delivery, identifying objectives, and identifying delivery options. Given the focus on one policy, the context and objectives are immediately clear, whereas the delivery options may vary. Suggestions offered within the Options Appraisal Workbook (2012) are: 
· In-house development
· Shared services
· Outsourcing
· Joint venture
· Consortium
For analysis, these options were taken to discussion with the service lead and budget holder. 
For developing evaluation criteria, reference is made to the gap analysis to determine themes and targets. 
Completion of phase three was a workshop style discussion with key available stakeholders, namely senior management and senior clinical staff. Review of available internal services was completed, as well as market analysis, to develop a short list.
The short list was validated in phase four by reviewing a final time against the evaluation criteria, as well as comparing to the technical requirements list for final validation. 
Phase five, within the context of this assignment, is to move to acquisition and implementation. 

Results
Requirements engineering
Discussion with the consultant was keenly focussed on patient value, and the concept of patient-initiated follow-up. He is firmly in belief that allowing patients to access the service on their terms, when they feel necessary, is a way to enable greater health outcomes. The Transtheoretical Model of Change proposes that patients are in differing states of readiness regarding their willingness to change their behaviour. If they are unwilling, or unprepared to change their lifestyle or behaviours, they are unlikely to benefit from behaviour change interventions such as physiotherapy (Prochaska and Velicer, 1997). The consultant proposed that patient activation scores may be able to quantify a persons’ readiness and allow a greater depth of triage. 
Discussion with the service lead centred largely around reporting and patient outcomes. They, understandably, were focussed on cost effective service delivery and cost saving. Regarding value-based healthcare, discussion included reporting and clinical outcomes. As part of the initial EPR development, only a single outcome measure was designed into the case notes and relies on clinicians to administer within clinical time. (Duncan & Murray (2012) have discussed that a barrier to data collection in clinical settings is the perceived lack of time, and an external method that places the burden of time on the patient would, arguably, remove this barrier. 
The outcome of the ethnography observations of the department revealed several themes. Firstly, when a clinician decides they need to use a certain PROM, a significant amount of time is spent trying to find a paper copy in a disorganised department. At times, up to five minutes of a 30-minute appointment were spent trying to find a paper copy, due to the printer having run out of ink. Secondly, there are instances where a clinician knows prior to the appointment which measure they will use. Low back pain and osteoarthritis follow certain pathways, meaning that the data collection is specific. In some instances, patients were redirected to a new pathway following an assessment and PROM completion, as the two indicated a different service was required. Finally, related to the first point of time management, there were moments where the plan for the clinician was to complete a PROM at the next appointment as they had run out of time during the appointment that day. 
Table 1 is a compiled list of the themes and resultant requirements 
	Functional requirement
	Delivery of PROMs to patients directly

	
	Ability to deliver PROMS via text or email, or be accessible on both computer and mobile devices

	
	Ability to complete PROMs remotely 

	
	Clinicians to have access to data completed by patients

	
	Ability to generate reports as an expression of values, for example a percentage increase in a certain PROM score

	
	Dashboard for ease of viewing – clinicians and patients to have access

	
	patients to be able to submit data independently

	
	Search function for clinicians to access different patients’ data

	
	Ability to customise the PROM selection or data collection

	
	Synchronised PROM delivery with selected milestones of patient journey – initial assessment and discharge

	
	Messaging or booking system for patients to be able to initiate follow-up

	Non-functional requirement
	Password protection with option for two factor authentication

	
	Patients to have no search function, with access to their data only

	
	Maximum unavailability time of ten minutes after failure

	
	Minimal training requirement – no greater than half a day

	
	Integration with existing patient management system (PMS) and diary system


Table 1: Functional and Non-Functional requirements of the proposed digital solution
Gap Analysis
For this stage, the McKinsey 7s framework was employed as a discussion tool, and to give structure to the analysis (Channon and Caldart, 2015). The 7s framework involves looking at a business from seven points of view and evaluating each in turn. These are all noted to interlink with each other, and gaps can be identified. Table 2 is a table format of the framework, with notes of each section displayed.

	Structure
	Hierarchy of clinical staff

	
	Service based decisions discussed and made by department and team leads

	
	Overall service direction decisions made between service leads and consultant

	
	Multiple pathways require specific PROM completion – osteoarthritis and lower back pain without radiculopathy

	
	PROM recording on EPR but nil defined

	Strategy
	Healthier Wales Policy

	
	Provide timely, optimal healthcare treatment

	
	Empower patients to self manage

	Systems
	Digital diary system linked to central PMS

	
	Digital EPR separate to PMS

	
	Availability of digital letters and texts

	
	One PROM embedded into EPR

	Shared Values
	Shared health board values

	Style
	Teams organised by hospital site

	
	Further organised into sub teams within each site

	
	Overall service is lead by team leads on each site

	
	Mix of collaborative and individual work

	
	Referral system between pathways internally

	
	Access to service by referral only: GP or consultant

	Staff
	Recent bout of recruitment, no staffing deficit

	
	Information technology skills have been identified as a concern, by staff

	
	Strong value-based drive by staff

	
	Resistance to change due to high volume of recent service changes as a result of the COVID19 pandemic


Table 2: McKensie 7S Framework Table 
Reflecting upon the functional requirements displayed in Table 1, there are several emergent themes:
· Ability to deliver and record PROMs via a multitude of methods, with minimal clinical input
· A degree of automation, including PROM delivery and data analysis 
· Visibility of data between clinicians and patients
· Empowerment for patients to initiate contact as required

On reviewing this analysis, there are some notable omissions and causes for concern, particularly regarding a digital change:
· Concerns over computing skills
· Ability to deliver documents digitally, nil ability to receive
· Patients have no visibility of data
· Clinicians have limited structure on data collection
· Clinicians have very limited digitisation of data collection
Options Appraisal
From reviewing the gap analysis, the following themes became the evaluation criteria for appraisal:
· Ability to remotely deliver PROMs
· Ability to remotely record PROMs
· Ability to allow a degree of automation
· Ability to enable patient-initiated follow-up
· Functionally able to integrate with existing PMS
· Security compliant with General Data Protection Regulation and CAVUHB policy
Of the appraisal options listed, many were ruled out due to feasibility of delivery. Those that remained were shared services, in-house development, and outsourcing. 
Shared services would include collaboration with the existing PROMs service within the health board. This minimises the amount of development required as the service is already fully established. It is automated and able to trigger based upon entry to a waiting list, however it lacks flexibility and will always send the same form. It is, however, web based and is accessible via mobile and desktop. It also lacks a key component, data visibility, where patients are unable to access their own data.
In-house engineering would allow complete customisation and ultimately end with a bespoke product. However, this is undoubtedly the lengthiest option as it would be a build from scratch, given that no similar system exists within the health board. Agile inspired methodology could be implemented in order to expediate the build process, and would enable regular rapid feedback from stakeholders, however given the scale of the project this would likely involve a significant amount of time across many iterations (Beck et al., 2001).
The final option, outsourcing, would likely incur the greatest financial cost, however, would enable a relatively rapid implementation by comparison to an in-house build. Several “off the shelf” systems already exist, including My Clinical Outcomes which has already been successfully implemented in cancer services in Scotland (My Clinical Outcomes, 2011). As part of the acquisition, the development team state they will develop communication between the existing diary system and PMS in order to provide automation, as desired. The service is also web-based and provides a dashboard to both clinicians and patients, with full customisation of PROMs available to clinicians. Their own research has demonstrated increased value of service, with improved outcomes in cancer patients (My Clinical Outcomes, 2011).

Discussion
The outcome of the gap analysis and options appraisal suggest a customised off-the-shelf product would be the best fit. Despite the potential increased financial burden, a recognised system that fits the technical requirements would be a value-based decision, showing allocative value.  This would also enable a more rapid integration with business as usual, with the only development required being the customisation options on set-up. However, it’s notable that a change management process would be required for further customisation and additions as required over time. 
In order to ensure that all policy and evaluation goals are met, a lengthy implementation process would be required. (Creel and Ellison, 2008) document six stages of software acquisition, the first four of which include requirements management, business considerations and applicable best practice, which have been discussed as part of the options appraisal and requirements engineering. The following two stages, however, involve user testing and risk management.
User testing would involve three stages: user acceptance testing of early development, a small-scale pilot, and finally a graded roll-out (Creel and Ellison, 2008). These stages are critical to avoid failure and to provide effective integration. User acceptance testing involves key stakeholders, in a test environment, having access to a new development to test functionality and explore possibility for failure. They would seek to ensure successful deployment of the remote reporting, integration of software and PMS, and analytics in reporting. Once accepted, a small group of clinicians would receive training and begin a pilot, collecting real world usage data in a practical setting. This phase allows for stress testing in a busy environment, as well as gathering further feedback from patients. Finally, a wider roll-out would be guided by senior staff and the development team to the rest of the service. 
The final stage, risk management, accounts for scenarios outside of business as usual. A business continuity plan would need developing, as well as a standard operating procedure to encourage standardised usage. As well as process management, risk management could involve disaster recovery training in the early stages. Examples of this would include operating procedure during a system failure, as well as recovery of data. 
Evaluation
As value has been poorly defined, it is a difficult concept to evaluate directly. However, a reporting function could be used to highlight changes. The PSFS is currently integrated into the departmental EPR, allowing for a direct comparison of pre and post implementation usage. Alongside concurrent development within the department, a satisfaction questionnaire could be issued prior to deployment to collect baseline data, enabling a pre and post comparison of patient satisfaction. 
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