Improving Patient Safety and Operational Efficiency through a Digital Approach: Connecting Systems, Automation, Process Mining, and Predictive Analytics at WAST

Introduction
The Welsh Ambulance Services NHS Trust (WAST) is one of the most complex ambulance services in the United Kingdom. It covers urban and remote rural communities. The Trust handles more than half a million calls a year and employs thousands of staff across Wales (About Us - Welsh Ambulance Services University NHS Trust, n.d.). That scale puts enormous pressure on data systems, reporting processes and operational decisions.

A major challenge at WAST is the management of adverse incidents reported by staff. Open incidents are piling up and not being closed. Staff spend time chasing incomplete records instead of doing their jobs. Managers cannot see which issues are urgent and which have been dealt with. Lost opportunities of learning from previously recorded incidents raise a risk of patients and staff safety (T. Santos et al., 2025a).
These incidents are recorded in systems such as Datix to track safety events, near misses, and operational problems. The information is intended to support investigations, identify root causes, and prevent recurrence. However, every time a safety concern is raised and unresolved for prolonged periods, creating a backlog. There are many operational and technological factors contributing to Incidents backlogs. 
One key factor contributing to this backlog is fragmented data systems Incident information is stored across multiple platforms, including Datix, dispatch systems, vehicle tracking, and hospital records. These systems are not connected, forcing staff to manually gather and reconcile data. This process is time-consuming, error-prone, and slows investigations (Martin et al., 2022b; A. Santos et al., 2025). Furthermore, the data that does exists in Datix presents challenges around extraction of data. Staff can use manual listing reports for and dashboards for trends and thematic analysis, but this requires significant effort. Alternatively, the Datix Data Extract Service (DES) automatically pushes data to a warehouse, but the structure differs from manual reports, and some fields update later than others. These inconsistencies create confusion and reduce confidence in the data. 
Data quality and consistency are further issues. Incident categories are often inconsistent across teams, and records may be incomplete or poorly defined, making it difficult to reach reliable conclusions (Greenhalgh & others, 2022). Slow investigations, combined with these data limitations, allow incidents to remain unresolved, leaving patient safety risks unaddressed.
Other operational factors, such as ambulance handover delays at emergency departments, can adding to the backlog. The ambulance crews are regularly stuck at emergency departments waiting to hand over patients. While they wait, they cannot respond to new calls. New calls still come in. New incidents get logged. The queue gets longer before the previous one has been dealt with(Quality, Patient Experience and Safety Committee - Welsh Ambulance Services University NHS Trust, n.d.). Although handover delays are not the main cause, they contribute to the growing backlog and add pressure to already fragmented data processes (Mason & others, 2022; O’Cathain & others, 2021).
These challenges reflect the characteristics of complex adaptive healthcare systems, where fragmented processes and poor information flow allow problems to accumulate over time (Braithwaite & others, 2021). As illustrated in Figure 1, fragmented and unlinked data systems, manual reconciliation, and operational factors interact within the incident management workflow to create investigation delays. These delays contribute to a backlog of adverse incidents and reduce opportunities for organisational learning. Improving incident management and patient safety therefore requires a system wide approach to data integration that connects incident management, operational, and hospital systems. Integrated data can support faster investigations, clearer prioritisation, and more effective organisational learning (Dowding & others, 2021; Spangler & Blomberg, 2025).
Figure 1: The Core Problem at WAST
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Figure 1 shows how fragmented data, manual reconciliation, and operational factors lead to investigation delays, backlog, lost learning, and patient and staff safety risks. 

This essay proposes a structured improvement initiative for WAST. The primary aim is to reduce the number of open incidents by making it faster and easier to investigate, resolve and close them. To do that, the project also needs to tackle the conditions that create the backlog in the first place. This means reducing handover delays that generate new incidents before old ones are dealt with, shortening investigation timelines and improving the reliability of the data used in those investigations. The scope covers four areas. First, integrating operational, quality and safety data into a centralised data repository and dashboard. Second, using process mining to map how workflows. Third, automating routine tasks. Fourth, using predictive analytics to forecast demand.
 The project does not cover changes to clinical protocols, call categorisation or emergency prioritisation. Keeping the scope tight matters. Improvement projects in emergency services often drift beyond their original boundaries. That reduces focus and makes it harder to show measurable results.
Methods


The Methods section describes the improvement methodology and the four proposed digital solution for Improving Patient Safety and Operational Efficiency. 
Choosing a Methodology
Choosing the right methodology matters. The wrong framework can produce improvement work that leaves no lasting change. Three methods are widely used in NHS improvement. These are Plan-Do-Check-Act (PDCA), PRINCE2 and Lean Six Sigma with its DMAIC framework. Table 1 sets out a direct comparison.

Table 1: Methodology Comparison

	Methodology
	Strengths
	Limitations
	Suitability for this project

	PDCA
	Simple and quick. Works well for small tests. Widely used in NHS settings 
	Not built for large, data-heavy projects. No tools for root cause analysis at scale.
	Useful for quick small tests. Not enough as the main framework here. (PDCA Cycle - What Is the Plan-Do-Check-Act Cycle? | ASQ, n.d.)

	PRINCE2
	Strong governance and risk management. Established in NHS digital programmes 
	A project management tool, not a quality improvement method. No process analysis tools. (Tailor to Suit the Project: PRINCE2® Wiki, n.d.)
	Good for governance. Not suitable as the lead approach.

	Lean Six Sigma (DMAIC)
	Structured, data-driven, and evidence-based. Built for operational improvement in complex settings.
	Can be rigid if applied too strictly. Needs adapting for complex adaptive systems (Dixon-Woods et al., 2012)
	Best fit. Supports data analysis, process redesign, and sustained improvement at scale. (DMAIC Process: Define, Measure, Analyse, Improve, Control | ASQ, n.d.)



Lean Six Sigma was chosen for this project because it is built for data-heavy operational improvement. It provides structured tools for measurement, root cause analysis, and lasting change. However, Lean Six Sigma has a weakness. Used too rigidly, it assumes a level of process stability that healthcare organisations do not have. Dixon-Woods et al., (2012) that large NHS improvement programmes often fail when they treat organisations as predictable machines rather than dynamic human environments. To address this, the project uses a hybrid approach. Lean Six Sigma provides the structure. Short iterative testing cycles from agile methods are built into each phase. Changes are piloted, reviewed, and refined before being scaled up. This reduces the risk of large failures and allows the team to adapt as they learn.
Figure 2: DMAIC Process Flow 
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Image source:(DMAIC-ASQ-Featured, n.d.).



Applying Lean Six Sigma
The Define phase sets objectives with stakeholders and documents the current state of incident management. This phase builds shared understanding of the problem before anyone proposes solutions. Without it, different teams often pursue different versions of improvement at the same time.
The Measure phase collects baseline data on incident volumes, investigation timelines, and reporting delays. Process mining rebuilds actual workflows from event logs. This is more reliable than self-reported process maps, which often show how people think a process works rather than how it runs (Prado et al., 2024; van der Aalst, 2016). Staff accounts are also gathered. Numbers show what is happening. Staff perspectives help explain why.
The Analyse phase uses fishbone diagrams and five-why analysis to identify root causes in complex organisations that have many contributing factors (Improvement Cymru Academy Toolkit Guide Fishbone Diagram What Is a Fishbone Diagram? n.d.; The Handbook of Quality and Service Improvement Tools Institute for Innovation and Improvement, n.d.). These include latent systemic issues like unclear accountability and poor communication found that frontline staff hold detailed knowledge of workflow failures that managers often cannot see. Structured engagement during this phase captures that knowledge before solutions are designed  (The Handbook of Quality and Service Improvement Tools Institute for Innovation and Improvement, n.d.).
The Improve phase redesigns workflows based on the findings from the Analyse phase. This includes giving clear ownership of incident investigations, standardising escalation timelines and deploying the four digital tools in sequence. All changes are evaluated in pilots before scaling. Solutions which work in one setting do not always transfer directly. Piloting is therefore essential (Hassan et al., 2006).
The Control phase uses statistical process control charts and dashboard monitoring to track whether improvements hold over time. Quarterly governance reviews check progress against the original objectives. Many improvement projects fail here because early energy fades. Embedding changes into standard procedures and providing consistent staff training are the most effective ways to prevent this (The Handbook of Quality and Service Improvement Tools Institute for Innovation and Improvement, n.d.).



The Proposed Tools
The proposed digital tools form the core of the improvement system. Table 2 sets out each tool, its purpose, the supporting evidence, and the main risk with its mitigation.

Table 2: Digital Intervention Summary
	Tool
	Purpose
	Supporting evidence
	Key risk
	Mitigation

	Process mining
	Rebuilds real workflows from event logs. Finds bottlenecks and delays.
	(Martin et al., 2022b; Rojas, Munoz-Gama, Sepúlveda, et al., 2016; A. Santos et al., 2025; van der Aalst, 2016) cycle times in healthcare.
	Only as good as the data behind it.
	Clean data and clear entry standards before deployment.

	Real-time dashboards
	Shows live key performance indicators to managers. Helps faster responses to emerging problems.
	(Dowding et al., 2021; Sethi & others, 2024; Spangler & Blomberg, 2025) showed improved workflow and measurement reliability.
	Alert fatigue if too many metrics are shown.
	Limit to agreed priority key performance indicators. Co-design with managers.

	Robotic process automation (RPA)
	Automates repetitive data tasks. Cuts manual workload and reporting errors.
	(T. Santos et al., 2025b; Syed et al., 2020) showed NHS backlog reductions.
	Automation failures or script errors.
	Human oversight and documented backup procedures.

	Predictive analytics
	Forecasts demand peaks and backlog risk. Supports proactive resource planning.
	(Lukas et al., 2007) showed improved resource allocation in emergency services.
	Model bias from historical data.
	Regular recalibration and review cycles.



These tools work as a cycle. Process mining identifies where the problems are. Dashboards make those problems visible to the people who can act on them. RPA removes the administrative burden that causes delays. Predictive analytics allows planning before problems arrive. Used on their own, each tool has limited value. Together, they support ongoing operational improvement.
Process mining must come first. Without an accurate picture of current workflows, it is not possible to know which processes to redesign, which metrics to show on dashboards, or which tasks to automate. Deploying technology before building this evidence base is a common mistake in NHS improvement. It leads to automating existing problems rather than fixing them.





Discussion
The Discussion covers risks, stakeholder engagement, future opportunities, and limitations.
Risks and Barriers

As highlighted in Table 2. Each digital tool in the project has some risks that need managing. Process mining looks at real workflow data to find delays and bottlenecks (Martin et al., 2022a; Rojas, Munoz-Gama, & Sepulveda, 2016; A. Santos et al., 2025; van der Aalst, 2016). It only works well if the data is clean and complete, so clear entry rules are important. Real-time dashboards show live performance information to managers (Dowding & others, 2021; Sethi & others, 2024; Spangler & Blomberg, 2025). They help teams act faster, but showing too many metrics can cause alert fatigue. Dashboards should focus on key measures and be designed with staff. Robotic process automation (RPA) manages repetitive data tasks and reduces manual work (A. Santos et al., 2025; Syed & others, 2020). It can fail if scripts have errors, so human checks and backup plans are needed. Predictive analytics forecasts demand and potential backlogs (Lukas et al., 2007). It can be biased if based on old data, so models must be reviewed and updated regularly.

Staff resistance is common, as new digital systems can feel like extra work without improving care  (Damschroder et al., 2009, 2022). The best way to reduce resistance is to involve frontline workers in designing the systems from the start, rather than just asking for feedback on a finished product.
Technical integration with legacy systems is also challenging. NHS systems are often old and fragmented, so connecting new tools to dispatch and hospital records takes time and skilled support. Agile iteration helps identify issues early, but realistic timelines and dedicated resources are essential.
Stakeholder Engagement
Good engagement is ongoing, not a single event. Frontline clinicians and call handlers understand daily operational problems in detail. Structured interviews and observation during the Define and Measure phases are needed to capture it (Scott & Briggs, 2009, 2010).
Operational managers put changes into practice and keep them running. If they do not understand why a process has changed or how to use a new tool, consistency will be low. Training must be part of the project plan from the start, not added at the end. Executive leaders must provide visible sponsorship. Improvement projects without senior support tend to stall when they hit resistance or competing priorities (The Handbook of Quality and Service Improvement Tools Institute for Innovation and Improvement, n.d.).
Future Opportunities
If the project succeeds, further improvements are possible. Linking operational data to clinical outcomes is key, as most emergency service metrics focus only on processes like handover times, not patient care. Advanced process mining and predictive analytics could support equipment, staffing, training, and real-time decisions. Patient experience data could also be combined with operational metrics for a fuller view of service quality. However, this depends on having clean data, standardised processes, and strong analytical capacity first. Building this foundation ensures future tools add real value and help WAST measure both efficiency and patient outcomes accurately.
Limitations
This essay proposes an improvement initiative without access to the full detail of WAST's current systems, staffing arrangements or contractual constraints. Some assumptions about technical feasibility may prove wrong in practice. Evidence from comparable NHS organisations, including T. Santos et al. (2025) and Spangler & Blomberg (2025), supports the potential of this approach. But it does not guarantee the same results will transfer. Context matters. The culture of WAST, the condition of its digital infrastructure and the dynamics of Welsh NHS governance will all shape outcomes in ways that cannot be fully anticipated from the outside.
Conclusion
WAST has a growing backlog of open incidents. Cases are being raised and not resolved. The same failures are happening again because the first ones were never properly closed. Behind that backlog is one systemic problem. The Trust does not have the infrastructure to investigate incidents quickly, learn from them and prevent them from recurring. Handover delays, fragmented data, and poor reporting quality all feed into this. None of them can be fixed in isolation. The response needs to address the system.
This essay has argued that a hybrid Lean Six Sigma approach, supported by process mining, real-time dashboards, RPA and predictive analytics, offers the most appropriate path forward. Lean Six Sigma was chosen because it is structured, data-driven and built for operational improvement at scale. PDSA is too limited for a project of this complexity. PRINCE2 provides governance but not improvement tools. The agile hybrid addresses Lean Six Sigma 's limitations in dynamic healthcare environments.
Technology alone is not enough. Lasting improvement also needs genuine staff engagement, attention to data culture, careful workflow redesign and committed leadership. These things are harder to achieve than deploying a dashboard. They are also more important. Without them, even well-designed tools will fail to deliver change that lasts.
The goal of this project is practical. It is to help WAST see its processes more clearly, act on what it learns and build the capacity to keep improving. That is achievable. More importantly, it is directly connected to safer and more reliable care for the people of Wales.
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