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1. [bookmark: _Toc214661414]Applying Digital Technology to Transform the Intelligence Collection Process for ABUHB Vaccination Programmes
[bookmark: _Toc214661415]Background – Rational for Service Transformation
Vaccines are a cornerstone of public health, playing a pivotal role in preventing and controlling infectious disease outbreaks (World Health Organization, 2025). While uptake of routine childhood immunisations in Wales generally remains high, coverage is not consistent across all programmes or age groups, and some areas, including ABUHB, have occasionally fallen short of the World Health Organization’s recommended 95% target (Public Health Wales, 2025b). These disparities become even more pronounced when considering uptake of other programmes such as seasonal influenza and COVID-19 boosters, reflecting widening inequalities in access to vaccination (Senedd Research, 2025). In response to this recent underperformance, Welsh Government introduced the National Immunisation Framework for Wales in 2022, designed to reduce vaccine inequality, improve health outcomes, and enable digitally delivered vaccination services (Welsh Government, 2022). Digital technology is increasingly recognised as a key enabler in addressing health care challenges (Butcher and Hussain, 2022), a view reinforced by Welsh Government’s 2023 Digital and Data Strategy for Health and Social Care, which emphasises the need to modernise NHS services through innovation and data driven transformation (Welsh Government, 2023). 
Within Aneurin Bevan Health Board (ABUHB), over 1 million vaccinations were administered during 2023-24 (Aneurin Bevan University Health Board, 2024). To help facilitate the delivery of vaccinations, multiple digital systems are utilised across the many immunisation programmes. Supported by Public Health Wales (PHW) and Digital Health and Care Wales (DHCW), the systems are multi-purpose, assisting with appointment bookings, monitoring uptake across the population and recording vaccine history. It is understood however, that there is a lack of visibility surrounding the intelligence collected within each immunisation programme, and there are concerns regarding data quality, timeliness of reporting and an inability to extract the necessary data needed for informing decisions. The immunisation programmes currently operate in digital silos, relying on a combination of local and national dashboards to report on uptake compliance. Without a unified data infrastructure, staff responsible for planning, forecasting and monitoring impact of change initiatives are left navigating multiple dashboards, each offering only a partial view of the vaccination landscape.
There is a national expectation outlined within the 2024 annual report of DHCW that all immunisations will be managed within the Welsh Immunisation System (WIS) (Digital Health and Care Wales, 2024a), however there is no current timeframe for this to materialise. Until a full migration to WIS is possible, it has been agreed that a local data sub-group will be assembled in ABUHB with a consortium of staff across all relevant divisions in order to transform the way in which vaccination intelligence is collected and applied. The objective of the transformation is to create a centralised data warehouse capable of hosting all necessary vaccination data. This will allow for users to highlight data concerns and their causes, explore how to fill the gaps in crucial intelligence gathering and support evidence-based decisions that boost vaccination coverage while reducing inequities in access to care. These objectives are closely aligned to the strategic ambitions of both Welsh Government and ABUHB, which prioritise data-driven service improvement, equitable access to care, and the modernisation of digital infrastructure (Aneurin Bevan University Health Board, 2019; Welsh Government, 2024).
Table 1. Current digital systems used in ABUHB to support immunisation programmes (Digital Health and Care Wales, 2025)
	System Name
	Purpose of System

	Welsh Immunisation System (WIS)
	COVID Immunisations

	Audit+
	Feeds Influenza Vaccine Online Reporting (IVOR)

	National Community Child Health Database
	Feeds COVER - Childhood Immunisations

	Children and Young Persons Integrated System (CYPrIS)
	Childhood Immunisations



[bookmark: _Toc214661416]Planning the Service Transformation
To give the service transformation the best chance of success, it is essential to adopt a structured project management methodology that provides clear objectives, defined milestones, and a framework for accountability throughout the process (Ogbeiwi, 2021). For this transformation, the Waterfall methodology will be adopted. Its five steps: requirements, system design, implementation, testing, and deployment ensure that each stage is fully documented and completed before progressing to the next. This is particularly valuable in healthcare IT projects, where compliance and data integrity are critical. Whilst the waterfall methodology can be criticised for being rigid (Greenhalgh et al., 2017), studies have shown that structured project management approaches improve the likelihood of successful health care implementation and have been evidenced in NHS digital transformations (Burns, 2024). For digital transformations such as this one, where interoperability and compliance are essential, waterfall provides a robust framework to work from. 
[image: ]
Fig. 1 – Waterfall project management methodology, adapted from (Royce, 2021)
Requirements
Effective teams are built on the foundation of members with different perspectives, knowledge and experience (NHS Providers, 2024). In order for the transformation to be successful, a data sub-group will first need to be created and assembled. This group of staff members will be at the forefront of the transformation, and will require the combination of appropriately skilled personnel across the clinical, data and public health settings to ensure familiarity with the different parts of the process (Jeffers and Anderson, 2025). These key stakeholders will be referred to as the digital champions for the service transformation and will gather initial project needs and stakeholder expectations.
Table 2. Data sub-group membership and respective purpose
	Data Sub-group Members
	Purpose/Expertise of Members

	Public Health Consultant/Representative
	Population health, demographic analysis and policy alignment

	Clinical Lead – Vaccination / Epidemiology
	Clinical oversight of programme design and delivery

	Nurse Lead – Vaccination Specialist
	Operational expertise and frontline delivery

	Data & Technology Lead
	System integration, FHIR interoperability and cyber security

	Performance / Intelligence Representative
	Local expertise in current reporting processes and performance metrics

	Finance Representative
	Financial modelling, cost analysis and impact assessment

	HR Representative – Workforce Specialist
	Allocation of resource, workforce planning, training and general HR strategy



Once established, the collaborative working amongst the group will commence, meeting fortnightly to identify all current ways of working, including the reporting systems and dashboards used to ensure that the data warehouse is prepared for interoperability and housing large data sets. Whilst many approaches of change management can be applied to health care, effective transformation begins with a clear understanding and reflection of the current processes and workflows that make up the different vaccination programmes across the health board (NHS England, 2023). Reflecting on current ways of working is not only essential for guiding change, but also aligns with one of the objectives of the transformation and wider strategies of Welsh Government and ABUHB, by identifying gaps in data quality and addressing concerns over the accuracy of reports that inform decision making and shape vaccination programmes. Using specific ABUHB data and processes ensures that the current state analysis is not just descriptive and reliant on historic research which may be outdated. This links directly to the current ABUHB digital strategy – Transformation through digital, which highlights the importance of using local data and processes to drive change and improvement (Aneurin Bevan University Health Board, 2019).
In addition to technical readiness, the group must operate in adherence to the frameworks and policies that ensure the transformation is legally compliant, ethically responsible and strategically aligned with NHS Wales and Welsh Government. These frameworks provide the standards and guidance necessary to safeguard patient data and support interoperability (Elizondo, 2024).
Table 3. Frameworks and policy considerations, adapted from (Aneurin Bevan University Health Board, 2019; National Data Guardian, 2020; National Institute for Health and Care Excellence, 2022; Welsh Government, 2022; Digital Health and Care Wales, 2024b; UK Government, 2025)
	Framework / Policy
	Relevance to Service Transformation

	National Immunisation Framework for Wales
	Sets out vaccination priorities, governance and equity

	Joint Committee on Vaccination and Immunisation (JCVI)
	Provides statutory advice on vaccine schedules, eligibility and recommendations

	RESTful / FHIR Interoperability Standards
	UK FHIR governance for consistent interoperability across NHS systems

	GDPR & Data Protection Act 2018
	Legal requirements for processing patient data and vaccination records

	Caldicott Principles
	8 principles to ensure patient information is secure and used appropriately

	ABUHB, DHCW and Welsh Government Digital Strategies
	Ensure alignment with local and national digital goals

	National Institute for Health and Care Excellence (NICE) guidelines
	Recommendations on delivery, eligibility and recording vaccinations



System Design and Implementation
An Application Programming Interface (API) is a protocol that facilitates interoperability with other systems (Strawley, Everson and Barker, 2012), the Digital, Data and Technology (DDT) team within ABUHB will establish connections between multiple vaccination systems and the already established data warehouse. The warehouse uses data to create dimensional modelling and the connections will allow for information to be shared between the two points in real-time. Local business intelligence and performance teams will use this to feed the centralised platform of all vaccination data with visual dashboards created in Power BI, a user-friendly and low-risk Microsoft tool that will allow clinical and operational staff to access front-end data without needing technical expertise (Mansoor and Dar, 2024).
Interoperability, whilst technically complex, is a key enabler for the success of this service transformation, allowing for each vaccination system to pass stored information to the central digital warehouse (Pournik et al., 2023). Engagement is essential at this point, as there will be a multitude of different processes and systems being discussed, and all will need to be accounted for. ABUHB already follows the Fast Healthcare Interoperability Resource (FHIR), an international standard responsible for governing the exchange of health care information across various systems (Digital Health and Care Wales, 2024b). Core systems such as RadIS2 and PACS already benefit from interoperability in this format and can be used as strong examples of its potential to improve data sharing. Effective communication will also be necessary during this step as there will be staff members whose expertise lie outside of digital literacy and may need additional training or support from the data and/or performance minded members of the group. This will ensure a greater appreciation of the technology being discussed when information is disseminated and fed down to the wider workforce (Ifrim et al., 2022).
It is important to consider that security and data breaches in healthcare increase every year, with one US study finding that over 300 breaches occurred in 2017 and 37 million medical records affected between 2010 and 2017 (McCoy and Perlis, 2018). Although this study was conducted in the US, a 2025 research study by the UK government suggests that large organisations remain vulnerable to the most serious cyber breaches and attacks (Department of Science Innovation and Technology, 2025). The threat to systems hosting personal identifiable information (PII) has grown in alignment with the recent emergence of new digital technology (Rantos et al., 2020). Due to the fact that the central data warehouse will host PII from multiple systems on a larger scale, there will be a need for robust security measures and allocation of staff members to protect the vulnerabilities of systems becoming more connected (Usmani, Happonen and Watada, 2023).
Testing
The success of the transformation is reliant on how well the centralised intelligence collection works in practice. Having established the combined processes, the new technology and relevant policy foundations, a pilot and feedback stage will be the final step before adoption. This provides the group with an opportunity to engage with their co-workers directly in a controlled environment, gather necessary feedback and make refinements before implementing the digital tool. 
Piloting digital systems is a well-established method in healthcare research, and whilst it can be argued that clinical effectiveness cannot be reliably gauged in a pilot setting (Kistin and Silverstein, 2015), similar approaches have been made across the UK, with studies finding that structured testing and staff feedback were crucial elements of successful transformation (McSwiggan et al., 2023).
To avoid unnecessary complexity, the group will begin by selecting a single locality within ABUHB to pilot the intelligence collection, focusing on the interoperability of the systems feeding vaccination data into the data warehouse. Limiting the scope in this way is necessary given the number of systems involved and size of patient cohorts. Representation from clinical staff, public health consultants and data specialists will ensure that all perspectives are captured during the pilot.
Feedback will be gathered through structured but concise questionnaires distributed to staff involved in testing, centred on usability, clarity and potential impact to workflow. The success criteria of the pilot will be defined by the usability of the Power BI interface and its ability to provide staff with accurate and complete data. Meeting these goals will ensure that evidence-based decisions can be made to improve vaccination uptake, reduce vaccine equity and minimise the amount of time that staff spend navigating multiple systems.
Deployment
The deployment stage will mark the transition of the vaccination intelligence system from testing into live use across ABUHB. This phase will involve rolling out the centralised data warehouse and associated Power BI interface for all relevant divisions, ensuring that each vaccination programmes intelligence is fully integrated into the warehouse. The deployment stage will provide assurance that the transformation is delivering accurate, accessible, and secure data to support improved vaccine uptake and equity across the population (Silva et al., 2022).
[bookmark: _Toc214661417]Evaluating Service Transformations
In order to effectively evaluate the service transformation and determine whether it harnesses the potential to improve the quality of care, the Donabedian model will be employed. First proposed by Avedis Donabedian in 1966, this framework is built on the foundations of a quality concept from the manufacturing industry. The three core principles: structure, process and outcome are used to measure the performance of health care (Donabedian, 2005). Its principles are well established in the NHS, underpinning many national guidelines and training programmes. Demonstrating its relevance to this service transformation, an NHS trust in the West Midlands previously applied the Donabedian framework to assess how community pharmacies improved seasonal influenza vaccination uptake (Rai and Wood, 2018). 
The core principles of the Donabedian model act as a casual chain, however in order to effectively assess the quality of the service transformation, the model will need to be extended. This will allow for a more comprehensive evaluation of the transformation, taking into account specific interventions and potentially negative or harmful intervening variables (Ghofrani et al., 2024).
[image: ]
Fig. 2 – Modified Donabedian diagram with policy context, specific interventions and variables, adapted from (Lilford et al., 2010)
Modifying the Donabedian framework starts with the inclusion of the policy intervention which provides context as to why the transformation is needed. The guidance within the National Immunisation Framework for Wales (2022), coupled with the inconsistent vaccine coverage across ABUHB highlights the need for change. The interventions affecting the process levels are broken down into three categories: generic, targeted and clinical, illustrating which process is being impacted by the intervention. Intervening variables have the potential to impact all parts of the process and should be carefully considered. In this transformation, digital literacy is a key factor which may result in the need for staff to undertake additional training, and failure to consider this could result in failed system integration. Using specific and realistic factors that could potentially impact the process helps to create a robust pathway within which the transformation is being implemented (Brown and Lilford, 2008).
[bookmark: _Toc214661418]Quintuple Aim for Health Care Improvement
The health of the UK population can be directly influenced by the quality of health care that the NHS is able to provide (The Institute for Fiscal Studies, 2024). The concept of quality improvement was initially envisioned for the manufacturing industry, and did not gain prominence in health care until the 1980s (Cantiello et al., 2016). Increased efforts have since been made in recent decades, and in 2008, the Triple Aim for health care improvement was established with the ideology of simultaneously pursuing three aims: improving population health, enhancing the care experience and reducing costs (Berwick, Nolan and Whittington, 2008). These aims were previously thought to be in obstruction of one another, however it is now widely recognised that investing in public health can have a positive influence on healthcare expenditure and healthy life expectancy (World Health Organization, 2022).
Since the introduction of the Triple Aim in 2008, healthcare has undergone a dramatic transformation. One of the most significant developments is the emergence of health care 4.0, a term which refers to the integration of smart and connected digital technology such as artificial intelligence, predictive analytics and telemedicine in order to improve efficiency and inform decision making (Li and Carayon, 2021). Whilst these innovations are promising, they also come with new challenges, including increased strain on the workforce and digital inclusion. Health care 4.0 has emphasised the limitations of the Triple Aim framework, and has led to the development of the Quintuple Aim, which allows for greater focus on improving the wellbeing of the workforce and advancing health equity (Nundy, Cooper and Mate, 2022).
Just as healthcare has evolved over time, vaccination has followed a concurrent transformation. Early vaccination strategies were built on primitive discoveries and manual production lines, whilst healthcare 4.0 has allowed for the use of digital manufacturing and distribution technology, addressing barriers faced by low-income countries in particular and helping to reduce inequities in access (Sarfraz et al., 2022).
Table 4. Evolution of health care and vaccination by key technological advancements, adapted from (Chen et al., 2020; World Health Organization, 2020; Sarfraz et al., 2022; Aranyossy and Halmosi, 2024)
	Historical Stages of Evolution
	Health Care Evolution
	Vaccination Evolution

	Health Care 1.0
	· Traditional relationship between patient and clinician
· Personal visits, diagnosis and treatment
	· Early discovery
· Small scale/Local
· Manual production

	Health Care 2.0
	· Medical equipment – MRI and CT scans
· Focus on data exchange with hospitals
	· National Immunisation Programmes
· Coverage begins to expand

	Health Care 3.0
	· Introduction of Electronic Health Records (EHR), remote care, telehealth and other digital services
	· Mass production
· Global supply chains
· Equity challenges noticed

	Health Care 4.0
	· Artificial intelligence (AI)
· Predictive analysis
· Cloud computing
· Wearable devices
· Machine learning
	· Digital manufacturing and distribution
· Use of digital technology to address equity challenges and tackle COVID-19



[bookmark: _Toc214661419]Service Transformation - Contribution to Quintuple Aim
Improving Population Health
Adopting a centralised data warehouse for vaccination intelligence will improve coverage across the health board by making the data actionable. Population-wide uptake rates can be assessed holistically, allowing for data-drive insights. This enables the identification of deprived and underrepresented communities, supporting targeted interventions that reduce health inequalities (Bradley, Nelson and Dumville, 2025). Higher vaccine coverage also strengthens wider outcomes, with children likely to experience fewer school absences due to preventable illness (Miao et al., 2024), and the public becoming less reliant on antibiotics, contributing to overall population health resilience and serving as a cost-saving opportunity (Mullins et al., 2023). 
Enhancing the Care Experience
Misinformation causes hesitancy and avoidance over immunisations, and is one of the top ten threats to global health (Lip et al., 2023). The widespread availability of misleading information on social media and other communication outlets contributed significantly to vaccine avoidance and refusal of mask wearing during the recent Covid-19 pandemic (Ferreira Caceres et al., 2022). Using the intelligence collected in this service transformation, the health board can identify and engage with areas that report low uptake, tackling misinformation and hesitancy with evidence-based educational communication, highlighting the benefits of vaccination for the patient and wider community. Using targeted interventions from the collected data, patient engagement will also present the opportunity to offer vaccinations in a more accessible way, potentially allowing for methods such as mobile clinics in underrepresented areas (Zhang et al., 2023).
Reducing Costs
Vaccination is one of the most cost-effective healthcare interventions (Rabe et al., 2022) and should be viewed as a long-term investment for public health. Higher vaccine coverage reduces illness and hospitalisations, generating a return on investment that is several times greater than its initial cost (Boccalini, 2025). The yearly Influenza (Flu) vaccine is estimated to prevent around 100,000 hospital admissions in England (UK Health Security Agency, 2025). Whilst comparative modelling is not published specifically for Wales, PHW has reported that recent Flu vaccination uptake for 2024/25 is lower than in previous years (Public Health Wales, 2025a). If the goals of the transformation are achieved, the health board will benefit financially through fewer patients presenting with vaccine preventable diseases, reducing expenditure on treatment, hospital resources and other associated care costs (Nandi and Shet, 2020).
Improving Workforce Wellbeing
There is considerable research and evidence suggesting that there is a link between workforce wellbeing and patient outcomes (Sizmur and Raleigh, 2018). In Wales, the NHS is under significant strain due to a combination of growing waiting lists and a decline in medical and nursing workforce (British Medical Association, 2024). As the workforce attempt to combat the increasing demand to their workload, they are more at risk of stress and burnout, which has the potential to hinder the quality of patient care (Salyers et al., 2017). 
Digital technology can be used as a means for addressing workforce burnout by improving operational efficiency (Jeilani and Hussein, 2025). The service transformation will provide staff with one data platform capable of monitoring uptake across all immunisation programmes. This will be done using HL7 FHIR, an international standard that governs interoperability, promoting the exchange of data and information between different systems (Digital Health and Care Wales, 2024b). This will prevent the need for staff to scrutinize multiple systems or dashboards to find the necessary information needed to inform decisions, reducing admin time and allowing greater use of resource. As the overall objectives of the transformation begin to materialise and the population shows improved health as a result, the rate of hospital admissions should also start to drop, thus having a positive impact on workload and staff wellbeing.
The service transformation will also actively promote collaborative working, enabling nominated staff members to contribute their ideas and expertise within the group. This type of communication cultivates a positive work environment with a sense of shared purpose, helping to improve job satisfaction, enhance the ability to solve problems and ultimately improve patient outcomes (Bosch and Mansell, 2015).
Advancing Health Equity
Evidence suggests that whilst misinformation and patient refusal are key contributors to low immunisation uptake, health care providers should consider that inequity is also attributing to suboptimal vaccination coverage (Boyce et al., 2019). Recognising the importance of health equity, and understanding how it differs from equality, is essential when implementing service changes that aim to improve patient outcomes. Equality focuses on providing the same resources to everyone, whereas equity acknowledges that individuals and communities have different starting points and therefore require a more bespoke approach to achieve fair health outcomes (Smith et al., 2025). Addressing equity requires careful consideration of challenges such as socioeconomic disparities, cultural barriers, and varying levels of health literacy. Within the Aneurin Bevan population, diverse health, financial, and social circumstances shape access to care, meaning that immunisation uptake will inevitably vary across different areas (Welsh Government, 2019). By harnessing digital technology to centralise the intelligence collected in all immunisation programmes, the health board can identify cohorts with low immunisation uptake and look for trends across the population. They can then start to plan and ensure that programmes are not only more available but are also tailored to the specific needs of those most at risk, making vaccination more accessible as a result. 

2. [bookmark: _Toc214661420]Leadership Approach to Driving Service Transformation
[bookmark: _Toc214661421]Leadership Theory
Leadership plays a fundamental role in the success of any service transformation, particularly in healthcare, where complexity, stakeholder diversity, and cultural factors are of vast importance. Multiple leadership theories have been proposed over the years, each placing emphasis on different styles of incentive, control, and collaboration (Benmira and Agboola, 2021). Health care studies express the need for leadership that promotes flexibility, security, collaboration and innovation (Fumilola Olatundun Olatoye et al., 2024). Historically, the NHS National Programme for IT (NPfIT) was deemed to have failed largely due to hierarchical, top-down approaches and a lack of stakeholder ownership (Robertson, Bates and Sheikh, 2011). In an effort to avoid repeating the shortcomings of the NPfIT, it is essential to adopt a leadership approach that fosters shared responsibility, active participation and possesses strong values.
[bookmark: _Toc214661422]Comparative Leadership Models
Before selecting a leadership model for this transformation, it was important to recognise the range of theories applied in healthcare. 
Table 5. Strengths and Weaknesses of leadership models in health care, adapted from (Günzel-Jensen, Jain and Kjeldsen, 2018; Chaplin-Cheyne, 2021; De Brún and McAuliffe, 2023; Deng et al., 2023; Michel, 2024; Östergård, Kuha and Kanste, 2024)
	Leadership Model
	Strengths
	Limitations

	Transformational
	· Widely accepted in health care studies
· Focus on motivation and visualisation of transformation
	· Fails to address complexities and ethical challenges involved with change

	Transactional
	· Heavy focus on performance
· Clear structure
	· Limited flexibility
· Considered ineffective for complex digital projects

	Distributed/Shared
	· Collaboration and autonomy encouraged
· Promoted engagement
	· Lacks formal structure

	Compassionate
	· Focus on reducing burnout and improving patient safety
	· More suited to small scale transformations
· Less strategic

	Four C’s
	· Considers collaboration, shared responsibility and compassion
	· Requires high level of trust and cultural maturity



Based on the evidence-based research, whilst the distributed and compassionate models focus on collaboration and reducing burnout respectively, which are key to this transformation, they both lack the structure required for a larger scale project.
The principles of the four C’s leadership model align with the ideology of the data sub-group and its multi-disciplinary structure. Collaboration is encouraged and concurrent leadership is possible, providing the nominated champions with the platform to discuss their respective areas of expertise from their own perspective. The model also addresses compassion, which speaks to the considerations of workforce burnout, digital literacy and vaccine equity. 
Table 6. The Four C’s leadership model principles and their alignment with the service transformation
	Leadership Principles
	Transformation Alignment

	Concurrent
	Nominated digital champions given platform to advocate the ideas from their own areas of work and expertise

	Collective
	The diverse opinions and perspectives of the group’s vaccination programmes are leveraged to lead towards the common goals

	Collaborative
	The data sub-group meet fortnightly with mutual engagement to discuss progress and 

	Compassionate
	Ensures that the wellbeing of the workforce is considered when adopting changes to programmes and processes 



3. [bookmark: _Toc214661423]Assessing the Impact of the Service Transformation
Research and reflection are essential to the progression of health care and can be used to inform evidence-based decisions (Renjith et al., 2021). Gaining an understanding of the impact that an intervention has made is pivotal in helping to make optimal decisions relating to patient outcomes (Raine et al., 2016). Applying the use of both quantitative and qualitative data can be a useful tool when attempting to assess the impact of a service transformation (Barbour, 1999). Data analysis will play a key role in evidencing the success of the transformation, as the accumulated data will be needed to inform decisions on improving the vaccination programmes and ensuring that interventions deliver measurable benefits.
When reflecting on the impact of the service transformation, a mixed method type of research can be essential for measuring progression and recognising best practice (McCusker and Gunaydin, 2015). Although mixed method approaches can be debated due to the potential of conflicting findings (Turyahikayo, 2014), they remain widely used in health care studies, allowing the user to capture both numerical and narrative data (Sale, Lohfeld and Brazil, 2002). This dual approach helps to identify gaps in service delivery, gain insight into patient expectations and barriers to entry, which directly links to the objectives of the service transformation (Rana and Chimoriya, 2025).
[bookmark: _Toc214661424]Quantitative Data
Research in the area of health care is traditionally completed using quantitative research, due to its ability to express numerical data for measuring quantity, range or amount as a performance metric (Shah, 2019). Linking quantitative measures to intended outcomes can be challenging, as diverse populations and evolving interventions complicate comparisons, and outcomes often take time to emerge (Cresswell et al., 2023). By contrast, the accumulation of vaccination data into the warehouse provides a larger sample size for analysis, allowing for better representation of the ABUHB population (Andrade, 2020). The use of numerical data needs to be reported carefully, particularly when working with large data sets with various sources. All reported data will need to be appropriately labelled to avoid any confusion.
Table 7. Suggested quantitative data and relevance to transformation 
	Suggested Quantitative Data
	Purpose of Data

	Data comparison of patient uptake percentage
	Ability to track engagement over time – using pre and post transformation as baseline for measuring success

	Admission rates
	Whilst difficult to directly link admission rates to vaccine-related illness, overall trends can indicate progress, particularly during Winter Flu season

	ABUHB healthcare expenditure
	Challenging to quantify and likely to be a lag in availability of data

	System Usage
	Audit data on warehouse access frequency and duration to measure integration and efficiency



[bookmark: _Toc214661425]Qualitative Data
Instead of collecting numerical data, qualitative research uses participant experiences, perceptions and behaviours that are otherwise difficult to quantify (Tenny, Brannan and Brannan, 2025). This allows for a deeper insight into the findings, with open-ended questions such as how or why being asked to capture complex narratives about whether the efforts of the transformation have succeeded or failed (Hamilton and Finley, 2019). Issues surrounding confidentiality and anonymity pose a threat to the validity of qualitative research, and it can be difficult to visualise the findings appropriately (Anderson, 2010), however much like quantitative research, it can be employed to improve service delivery and redesign services (Barker, 2015). Obtaining feedback on patient satisfaction through methods such as surveys are increasingly seen as key components of quality improvement (Kumah, Osei-Kesse and Anaba, 2017). Questions will need to focus on patients’ attitudes and feelings towards vaccination, as well as any challenges they face in accessing vaccination, which will provide an insight into any equity changes. 
Table 8. Suggested qualitative data and relevance to transformation 
	Suggested Qualitative Research Data
	Purpose of Data

	Patient satisfaction survey
	Key to understanding equity challenges pre and post transformation

	User feedback form – data warehouse and Power BI interface
	Identifies usability issues, perceived value of change and any barriers to adoption



[bookmark: _Toc214661426]Triangulation
Triangulation is a research technique used in mixed method design to increase legitimacy and confidence in the findings of the transformation data (Denzin, 2017). In a mixed method approach, triangulation combines the use of quantitative and qualitative data in order to provide a more comprehensive understanding of a research problem (Heale and Forbes, 2013). Triangulation does have its limitations, with the process often time consuming and potentially resulting in contradictory findings (Adu et al., 2022), however one study involving randomised clinical trials found that applying the triangulation process resulted in deeper insights than that of separate analysis (Tonkin-Crine et al., 2016). This complementary perspective helps to validate whether the improvements in data accessibility will translate into better decision making, vaccine equity and operational efficiencies, linking back to the key objectives and intended outcomes of the transformation.
[image: ]
Fig. 3 – Data collection and triangulation method for impact assessment of vaccine intelligence collection, adapted from (Denzin, 2017)
4. [bookmark: _Toc214661427]Identifying the Problem Environment through Soft Systems Methodology (SSM)
Soft Systems Methodology Explained
The inception of soft systems methodology (SSM) originated in engineering, but is now tailored more toward developing an understanding of complex situations through participant learning (Hindle, 2023). First contextualised by Lancaster University, SSM was created in response to real world problems that are considered complex and “messy”, typically due to a plethora of stakeholders with varying perspectives and often conflicting interests (Mingers, 2000). Unlike “hard” systems, which treat problems as being clearly defined with a technical solution, SSM recognises that many organisational challenges include social implications and require dialogue with stakeholders (Checkland, 2011). 
SSM provides a flexible means for clarifying where improvements are possible within health care by using system thinking stages. These stages help to identify problem environments, with considerations for stakeholder views and behavioural implications (Augustsson, Churruca and Braithwaite, 2019). Health care personifies the example of a complex system, with stakeholders made up of patients, clinicians, policy makers and outcomes influenced by social, cultural and technical factors. 
The participatory approach of SSM reinforces the relevance of the data sub-group and their need to work towards cohesive team solutions. Each member of the assembled data sub-group should provide contextual knowledge and perspective of how the transformation impacts them and this collective insight will be crucial for understanding the fragmented vaccine intelligence collection process and shaping the necessary changes. Engagement in the sub-group from an early stage ensures that the transformation becomes a united process, rather than a top-down approach which has failed the health service in past attempts (Robertson, Bates and Sheikh, 2011). The systems thinking perspective of SSM ensures that the vaccination intelligence collection is viewed holistically, taking into account the need to analyse data across the population to address equity barriers, ease of usability to reduce time spent scrutinising data and less direct outcomes such as fewer admissions related to vaccine preventable diseases. 
[bookmark: _Toc214661428]Expressing the Problem Situation with a Rich Picture
[image: ]
Fig. 4 – A rich picture illustrating the complex nature of the vaccine intelligence collection
The illustration describes a fragmented and inefficient vaccination intelligence collection environment that reinforces the need for digital transformation. Equity barriers and inconsistent vaccine coverage highlight disparities in access to care. These challenges are compounded by operational inefficiencies, with multiple dashboards and manual processes leading to burnout of staff. The consequences of this fragmentation show avoidable admissions, unnecessary costs, and missed opportunities to improve population health. The whole process is stuck in a loop which underpins the need for a centralised digital platform capable of informing the decisions needed to incorporate holistic vaccination programmes that improves the health of the population.
[bookmark: _Toc214661429]Formulating the Root Definition with CATWOE
To effectively translate the insights from the rich picture problem environment into an actionable design, SSM recommends formulating a root definition, and this will be done using the CATWOE framework (Checkland, 2011). Designed by the same research team at Lancaster, this analysis checklist is intended to define the stakeholder perspectives.
Table 9. CATWOE principles applied to service transformation
	CATWOE Principle
	Stakeholder Perspective

	Customers
	· Patients
· Families 
· Wider ABUHB population

	Actors
	· Clinical staff (Doctors and Nurses)
· Public health consultants
· Data specialists

	Transformation
	Centralising the intelligence collection of each vaccination programme to inform evidence-based decisions needed to incorporate holistic vaccination programme changes that improves the health of the population

	World View
	· Reduced spread of outbreaks
· Fewer illnesses and admissions
· Reduced strain on health care staff
· Reduced financial strain on health care in general

	Owners
	· Data sub-group
· Heads of Service
· ABUHB CEO

	Environmental Constraints
	· JCVI
· NICE
· WHO
· ABUHB, Welsh Gov & DHCW strategies



Applying the CATWOE framework to the service transformation, the root definition will be: “To address the inconsistent vaccine coverage across ABUHB and improve the overall health of the population, the purposeful activity system is a ‘Centralised Intelligence Platform’ that supports a holistic scrutiny of data to reduce vaccine equity. The system empowers staff to make informed decisions based on accurate and timely data that will ultimately lead to improved vaccination programmes”.

[bookmark: _Toc214661430]Ideal System State: A Conceptual Model
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Fig. 5 – A conceptual model representing the ideal system state 
The development of this conceptual model has made use of a modified before and after storyboard, adapted from the original rich picture. At the focal point of the diagram, the proposed Central Intelligence Platform acts as the digital solution, integrating data streams and enabling deeper insights necessary to improve the vaccination programmes holistically. This transformation is empowered by the creation of the data sub-group who will ensure its inception and also champion it to provide accurate and actionable intelligence. On the right of the picture, the benefits of the transformation are demonstrated as greater vaccine equity, an efficient workforce who feel increased job satisfaction, and improved population health outcomes, supported by measurable indicators such as increased vaccine coverage and reduced admissions. The ideal system state demonstrates that a unified digital intelligence platform is essential to overcoming the problem environment and delivering a sustainable, equitable vaccination service.
The application of the structured frameworks applied during this transformation has provided a view through which the complex nature of the vaccination intelligence process and its implications can be understood. Each model has highlighted the operational inefficiencies and equity challenges in the current process and reinforces the ideology that transformation is essential. By illustrating the proposed changes in evidence-based principles and stakeholder perspectives, the service redesign moves towards a practical and measurable pathway for improvement that supports equity, efficiency and greater population health.
I confirm this essay is my own original work and does not include text created by a generative artificial intelligence tool.
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