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This dissertation investigates the feasibility and potential impact of implementing a QR code-based medication tracking system within the Welsh Ambulance Services University NHS Trust (WAST). The study aims to address key challenges associated with medication diversion, wastage, and documentation inefficiencies that currently arise from manual recording methods. A structured literature review was conducted using the PRISMA framework, identifying 49 relevant studies that explore digital tracking technologies, medication safety, and system usability in emergency medical settings. The findings were analysed alongside organisational insights and stakeholder feedback to assess system fit, operational barriers, and human factors.
The results indicate that QR code integration offers a practical, low-cost, and scalable solution for enhancing medication traceability and compliance. Benefits include improved auditability, real-time inventory control, and reduced documentation errors. However, successful implementation depends on system interoperability, staff training, and alignment with frontline clinical workflows. Challenges such as poor mobile connectivity, ethical concerns regarding surveillance, and the potential for informal workarounds were also identified.
The study concludes that while QR code tracking is not a standalone solution, it represents a significant step forward in strengthening medication governance in prehospital care. Recommendations include phased implementation, stakeholder engagement, and ongoing system evaluation to ensure sustainability and clinical relevance.
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[bookmark: _Toc197001554]1.1 Background and Context
The rapid advancements in digital health technologies are rapidly transforming healthcare systems, driven by the need to reduce costs, improve operational efficiency, and elevate overall healthcare quality (Al Haliq and Al Jumaan, 2022). Innovations such as data analytics, machine learning, and artificial intelligence (AI) help streamline workflows and improve clinical decision-making (Khirfan, et al., 2024) Within this evolving landscape, the Welsh Ambulance Services University NHS Trust (WAST) has implemented the Electronic Patient Clinical Record (ePCR) system to digitise patient data and documentation. While this has led to notable improvements in documentation, medication tracking remains a largely manual and outdated process, raising concerns around accountability, security, and efficiency.
Established in 1998, WAST delivers emergency and non-emergency healthcare services across Wales, serving over three million people across a diverse geographical area of more than 20,000 square kilometres, with a workforce of approximately 3,500 staff, 70% of whom operate within Emergency Medical Services (EMS) (WAST, 2022). EMS is a nationwide system that delivers prehospital emergency care through trained healthcare teams from the initial response to further treatment (Al Haliq and Al Jumaan, 2022). Given the scale and complexity of its operations, the Trust has a continued interest in adopting innovations that enhance safety, streamline clinical workflows, and improve care outcomes.
The absence of an automated digital tracking system increases the risk of human error and inefficiencies, particularly for high-risk medications, where precise documentation is essential. Research by Tausch and Menold (2016) highlights that manual handling of information during emergency interventions contributes to errors, which can be significantly reduced through the electronic tracking of assets and medications.
The procurement and management of medications within WAST follow a standardised process designed to ensure security, efficiency, and accountability. All medicines are sourced and maintained through NHS Wales District General Hospital (DGH) Pharmacies and stored in Omnicell cabinets, which are automated dispensing systems that enhance safety, reduce human error, and improve inventory tracking. Stock levels within these cabinets are maintained by DGH Pharmacies based on usage patterns, ensuring a consistent and reliable supply of medications. WAST EMS clinicians are registered on the Omnicell system (Fig. 1.1), allowing secure, always monitored access to these cabinets (WAST, 2024).
To support frontline care, all EMS vehicles are equipped with a standard drug case containing a predefined set of medications (Fig. 1.2). Controlled drugs, such as Morphine and Ketamine, are stored separately in a locked Controlled Drugs (CD) safe within the ambulance to ensure restricted access (Fig. 1.3). 
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Despite these measures, it is at this point that medication tracking relies entirely on clinicians, creating potential gaps in accountability, particularly with controlled drugs. 
While several digital solutions could be considered for adoption to improve medication tracking and administration, each comes with its own limitations. Radio Frequency Identification (RFID) and barcode systems automate tracking but require specialised scanners, (Nath et al., 2006) which can be impractical in fast-paced EMS environments. Although barcode systems have been shown to reduce medication dispensing errors in hospital settings (Nanji et al., 2009), the requirement for dedicated scanning devices can be a barrier to widespread adoption in pre-hospital care. GPS (Global Positioning System) tracking offers real-time location monitoring, ensuring accountability (Sultanbek et al., 2024). However, it would require GPS-tagged medication packaging, vehicle tracking integrations, and cloud-based data storage, making implementation costly and technically demanding. AI-driven inventory management can be used to analyse usage patterns to predict stock needs, reducing shortages and wastage (Singhal et al., 2024). However, it focuses on overall supply levels rather than tracking individual medication administrations, limiting its usefulness for real-time accountability.
Among these options, a Quick Response (QR) code-based system offers a practical, cost-effective, and easily adaptable solution for WAST (Din and Fazal Fazla, 2021). QR codes, developed by Denso Wave in Japan in 1994 (Yeoh et al., 2024), are two-dimensional barcodes designed to efficiently store detailed information. They can be rapidly scanned using smartphones or tablets and require minimal infrastructure for use (Yeoh et al., 2024). This approach aligns well with current EMS practices, where clinicians already use QR codes for vehicle sign-on. Each staff member is issued with a personal iPad, which can be used as a scanning device, removing the need for additional hardware. As EMS clinicians now spend increasing time away from their base during shifts, often without access to the Trust’s core information systems, a secure digital platform was introduced. This enables crews to access essential resources such as email, the Trust Intranet, and web-based applications like ePCR, directly from their iPads.
Expanding this familiar technology to medication tracking ensures a seamless transition, minimising disruption and reducing the need for extensive training. However, if not properly implemented, it can disrupt workflows, increase workload, and introduce the risk of medication errors (Mulac et al., 2021).
[bookmark: _Hlk194654986]By scanning QR codes on medication packaging, EMS clinicians would be able to log usage instantly or as soon as the situation allows in time-critical incidents, linking each dose to a digital record within the ePCR system. This would enhance inventory accuracy, reduce errors and wastage, and strengthen medication security (N et al., 2024). With its low cost, ease of implementation, and compatibility with existing systems, a QR code-based solution leverages proven technology already embedded in WAST operations, making it an ideal choice for improving medication tracking management.
This study aims to evaluate the feasibility of integrating a QR code-based or similar tracking system into WAST’s medication management processes. Currently, no automated system tracks medications beyond withdrawal from Omnicell to administration. A unique code would be assigned to each medication, storing key details such as the name, batch number, expiry date, dosage, and supplier information (N et al., 2024). These QR codes would be generated at the procurement stage and applied to the medication packaging, allowing seamless tracking throughout the medication lifecycle.
Clinicians would scan the QR code when withdrawing medication from the Omnicell cabinets, automatically logging the time, date, and clinician's Personal Identification Number (PIN) (Yeoh et al., 2024). At the point of administration, or at the earliest time possible when dealing with time-critical incidents, Seibert et al. (2014) noted that scanning the QR code would link the medication to the patient’s ePCR record, ensuring accurate documentation and reducing manual entry errors. If a medication is unused or expired, scanning the QR code upon return or disposal would provide real-time stock updates and enhance oversight (Seibert et al., 2014).
Introducing a digital tracking system presents an opportunity to improve accountability, security, and efficiency in WAST’s medication tracking management  (N et al., 2024). By automating tracking, it could reduce wastage, optimise costs, and help prevent medication diversion, thereby strengthening patient safety and ensuring regulatory compliance (Naidu and Alicia, 2019).Continuous monitoring would enable pharmacy teams to manage expiring stock, shortages, and irregular usage trends, while also improving traceability and reducing errors. Integrating seamlessly with existing ePCR and Omnicell systems would further provide a cost-effective solution to medication tracking within WAST.

[bookmark: _Toc197001555]1.2 Problem Statement
WAST’s current system lacks real-time tracking and comprehensive oversight from medication withdrawal in the Omnicell cabinet to administration. This lack of visibility exposes the system to various risks, including stock depletion, inefficient disposal, and potential medication diversion, especially for controlled medications (Hamm et al., 2018). The manual tracking process, which is prone to human error, further exacerbates these issues, leaving WAST unable to effectively manage medications nearing expiry, leading to significant waste. These inefficiencies affect operational performance and can have financial and patient safety implications (Hamm et al., 2018). Additionally, the absence of an integrated digital tracking system could hinder timely medication recalls, risking delays in responding to manufacturer recalls.
A QR code-based tracking system could address these challenges by enabling real-time monitoring of medication usage, improving inventory accuracy, reducing wastage, and enhancing clinician accountability. Integrating this system with the existing ePCR application would streamline medication administration and enhance both the security and accuracy of tracking throughout the medication lifecycle (Naidu and Alicia, 2019).

[bookmark: _Toc197001556]1.3 Rationale for the Study
This study aims to address critical gaps in WAST’s medication tracking processes, which lacks automation and real-time tracking capabilities, leading to risks and inefficiencies. A digital system would offer a more reliable, secure, and automated approach, offering comprehensive data on medication usage, identifying potential points of diversion, and ensuring medications approaching expiration are either used efficiently or disposed of properly. Real-time tracking would enhance medication oversight, reduce the risk of unauthorised use, minimise financial losses, and ensure the protection of patient safety by facilitating proper handling and administration.
Additionally, the study seeks to understand how digital integration, particularly a QR code-based system, can reduce the administrative burden on clinicians and improve operational efficiency. Adopting such a system, WAST could streamline medication management, enhance the quality of care, optimise resource allocation, and better manage controlled drugs. This transition would also enable faster responses to medication recalls, leading to improved operational performance and patient care outcomes. 

[bookmark: _Toc197001557]1.4 Aims and Objectives of the Research
The primary aim of this research is to assess the potential of a QR code-based medication tracking system to enhance WAST’s medication tracking practices (Table 1.1).



[bookmark: _Toc196997586]Table ‎1.1 Research Objectives Related to QR Code-Based Medication Tracking System
	Objective
	Description

	Evaluate the impact of a QR code-based system on medication diversion, wastage, and financial loss
	Investigate how this system could reduce errors, wastage, and financial loss caused by mismanagement

	Identify weaknesses in the current medication tracking process that could be mitigated by a digital solution
	Understand where the current system fails and how QR code integration could resolve these issues

	Explore how QR code integration with the ePCR system could improve accountability and transparency
	Investigate how clinicians could benefit from more streamlined and transparent medication tracking

	Assess human factors and organisational behaviours that may influence the success or failure of the system’s implementation
	Consider the impact of clinician engagement, training, and organisational culture on the system’s effectiveness

	Address ethical considerations regarding patient confidentiality and data security
	Investigate how the system can ensure patient data is protected while maintaining transparency and security



[bookmark: _Toc197001558]1.5 Research Questions
The primary research question is: How can the integration of a QR code-based system enhance medication tracking within WAST, and what are the impacts on medication diversion, wastage, and financial loss?
Secondary questions to support the primary questions are:
· What are the weaknesses in the current medication tracking system within WAST, and how can QR code technology address these weaknesses?
· How can a QR code-based tracking system be integrated into WAST’s existing medication tracking system and daily workflow?
· What potential human factors and organisational behaviours could influence the successful implementation of the QR code tracking system?
· What is the anticipated financial impact on WAST in terms of cost savings from reducing wastage and diversion through the implementation of a QR code tracking system?
· What ethical issues should be considered regarding patient confidentiality, data protection, and security when implementing a QR code tracking system?

[bookmark: _Toc197001559]1.6 Structure of the Dissertation

This dissertation is structured as follows: Chapter 1 introduces the study’s background, problem statement, rationale, aims, objectives, and research questions. Chapter 2 reviews key literature on medication tracking systems, digital healthcare technologies, QR code solutions, and best practices. Chapter 3 outlines the qualitative and quantitative methods used, including surveys, questionnaires, and document reviews with WAST clinicians and stakeholders. Chapter 4 presents findings on the benefits, challenges, and feasibility of implementing a QR code-based system. Chapter 5 discusses the findings’ implications and system impact, while Chapter 6 summarises key conclusions and recommendations for WAST on adopting such a system.

[bookmark: _Toc197001560]Chapter 2: Literature review 

[bookmark: _Toc197001561]2.1 Introduction

This chapter examines existing research relevant to the implementation of digital medication tracking systems, with a specific focus on the use of QR code technology in EMS settings. Structured around the IMRAD framework (Introduction, Methods, Results, and Discussion), the review explores key themes including medication safety and diversion, documentation accuracy, system interoperability, and human factors that would influence technology adoption. Drawing on the existing research and identifying gaps in the literature, this review explores the potential of a QR code-based system within WAST.

[bookmark: _Toc197001562]2.2 Methods

2.2.1 Search and selection strategy  
The literature review followed a systematic approach to identify relevant studies, reports, and case studies on digital medication tracking systems, QR code technology, and healthcare applications. Searches were conducted across databases like Google Scholar, University of Wales Trinity Saint David (UWTSD), PubMed, and Medline, along with grey literature from healthcare organisations, and white papers. To refine search results, keywords were combined using Boolean operators “AND” and “OR” to refine queries and improve relevance and accuracy (Table 2.1). Citation chaining was used to include both older and newer research, ensuring a comprehensive review of digital tracking solutions from both historical and current perspectives.




[bookmark: _Toc196997587]Table ‎2.1 Search strategy summary, including keywords and Boolean operators used to refine the literature review search.
	Search Element
	Details

	Keywords used
	“QR code medication tracking”, “digital medication management in EMS”, “healthcare technology adoption”, “medication diversion prevention”

	Boolean Operators
	“AND” , “OR”

	Example (AND)
	“QR Code” AND “Medication Tracking” This ensured both concepts appear in results

	Example (OR)
	“Digital Documentation” OR “ePCR” This broadened search to include related or alternative terms



2.2.2 Selection process

A structured selection process was conducted to ensure the relevance and quality of the studies. While the primary focus was on peer-reviewed articles, systematic reviews, and case studies published within the last ten years, older sources were also considered where they remained relevant to the topic. Due to the limited availability of research specifically addressing digital medication tracking in pre-hospital care, the scope was broadened to include international literature and studies outside the UK that offered valuable insights into EMS practices, digital healthcare innovations, and medication tracking systems.

Studies were excluded if they were unrelated to medication tracking or had limited applicability to pre-hospital EMS environments. The selection process involved an initial screening of study titles and abstracts, followed by a detailed full-text review of the shortlisted articles to determine their suitability for addressing WAST’s objectives. This structured approach ensured that the final selection provided a focused and evidence-based perspective for understanding key issues surrounding digital medication tracking and the potential role of QR code or alternative technology in enhancing efficiency and compliance in pre-hospital care, despite the limited available research.

2.2.3 PRISMA flowchart  

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) is an evidence-based framework designed for reporting systematic reviews and meta-analyses (Sarkis-Onofre et al., 2021). It includes a detailed checklist and flowchart to ensure consistency and transparency in the review process (Rethlefsen et al., 2021). In this study, PRISMA was used to guide source selection and screening, enhancing the reliability of the literature review. After screening, 32 studies were included, offering insights into digital medication tracking systems, QR code adoption, medication safety, workflow efficiency, and EMS-specific challenges (Figure 2.1).

Identification of studies via other methods
Identification of studies via databases and registers


Records identified from:
Websites (n = 0)
Organisations (n = 1)
Citation searching (n = 0)
Records removed before screening:
Duplicate records removed
(n = 2)
Records marked as ineligible by automation tools (n = 0)
Records removed for other reasons (n = 0)

Identification
Records identified from:
Databases (n = 212)
Registers (n = 0)





Records screened
(n = 210)



Screening

Reports sought for retrieval
(n = 74)

Reports not retrieved
(n = 0)
Reports sought for retrieval
(n = 0)
Records excluded**
(n = 152)



Reports excluded:
Reason 1 (n = 0)
Reports assessed for eligibility
(n = 74)
Reports not retrieved
(n = 0)
Reports assessed for eligibility
(n = 0)



Reports excluded:
Not relevant to EMS or medication tracking 
(n = 26)
Studies included in review
(n = 49)
Reports of included studies
(n = 0)

Included




[bookmark: _Toc196997528]Figure ‎2.1 Literature Review PRISMA Flow Diagram. Adapted from (Page et al., 2021)
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2.3.1 Overview of medication tracking systems
Medication tracking and management within WAST has traditionally relied on manual methods such as laminated stock lists, paper logs, and physical registers (WAST, 2024). Although these methods are simple and widely adopted, they present significant limitations in traceability, auditability, and reliability (Panda and Satapathy, 2024). On the other hand, manual data entry has its vulnerabilities, as noted by Utku et al. (2016). It is particularly prone to human error and fails to ensure compliance, with instances of missing medications and equipment even when documentation appears complete. These challenges are further intensified in high-pressure settings like EMS, where the unpredictable and urgent nature of care can lead to delays or omissions in documentation (Bai et al., 2025).

Evidence shows that human errors often result from flawed systems and poorly designed processes rather than negligence (Rochford, 2024). Medication errors arise when clinical tools are poorly designed or unfit for real-world use, suggesting that many errors are preventable with better infrastructure and technology-supported tracking in pre-hospital care.

To mitigate some of these challenges, WAST has implemented digital systems such as Ominicell for medication stock management, QR code sign-on for staff verification, and the ePCR for improved documentation. However, uptake and integration of such systems vary across NHS trusts, and their success depends heavily upon user engagement and compliance. Lawrence et al. (2025) highlighted that without a national strategy, the NHS risks missing the full potential of EPR systems. Although 90% of trusts have implemented EPR, many are using them merely as “digital notebooks” (Lawrence et al., 2025) without enhancing care quality or workflow efficiency. The report emphasises that digitisation alone is insufficient without meaningful integration into daily practice.

Evidence supports the superiority of electronic systems over paper-based ones in terms of accuracy and standardisation (Othman et al., 2024). However, they also identified resistance among stakeholders, often due to technological unfamiliarity and insufficient training. Karia et al. (2019) argue that healthcare tends to adopt innovation cautiously due to valid concerns around patient safety, data security, infrastructure, and equitable access. This highlights the importance of introducing digital systems that are both functional and user-friendly, with adequate support and training.
The COVID-19 Pandemic accelerated digital transformation, particularly in healthcare, creating momentum for the adoption of innovative technologies previously met with hesitation (Golinelli et al., 2020). Various digital solutions, such as RFID, barcode scanning, GPS tracking, and AI-based inventory systems, could be considered for improving medication tracking. While each offers potential benefits, such as reducing errors or forecasting stock needs, many face barriers to practical use in prehospital care (Nanji et al., 2009), including high costs, technical, or limited real-time traceability (Sultanbek et al., 2024). As Alotaibi and Federico (2017) caution, the effectiveness of digital systems in improving patient safety is highly dependent on practical implementation and system suitability.
Among the various technologies available, QR codes have gained traction as a practical and adaptable solution for medication tracking (Ti et al., 2020). A study by Yu et al. (2025) highlighted that QR codes offer a low-cost, eco-friendly solution that requires minimal resources to produce, making them highly practical and economically viable across various settings. They also enable quick, contactless access to updatable digital content via mobile devices. Supporting this perspective, Yeoh et al. (2024) emphasised that replacing paper-based processes with QR codes can significantly reduce waste and promote environmental sustainability.
Joshi and Sawant (2024) report that QR codes are cost-effective, compatible with mobile devices, and generally well-received by clinical users. Their review of 30 studies supports QR codes’ potential to reduce documentation errors and enhance medication safety, particularly in fast-paced settings like EMS. However, they caution that further consideration is needed regarding how QR technology integrates into existing workflows and supports rather than complicates daily operations (Joshi and Sawant, 2024). 

Berger et al. (2024) similarly warn that poorly designed digital tools can increase workload and lead to staff dissatisfaction. Their evaluation of Electronic Patient Record (EPR) systems revealed that usability and interface design directly influenced user engagement, with staff rating the system as “Not Acceptable” (Berger et al., 2024). These findings underscore the need for frontline user involvement in system design and a focus on seamless, low-burden integration. For WAST, adopting a QR code tracking holds significant potential, however, its success depends on thoughtful implementation and ongoing staff support.
While digital systems can enhance traceability and safety, their effectiveness ultimately hinges on human compliance. Dekker (2013) argues that technology does not eliminate the need for adherence to protocol; it simply shifts where that compliance is required. In this context, the act of scanning becomes the critical single point of accountability. Research shows that when workflows are perceived as rigid or misaligned with clinical realities, staff may develop informal workarounds to maintain efficiency (Tucker and Edmondson, 2003). These may include delaying medication documentation until after handovers or recording details from memory due to time pressures or system lag, as reported by Clark et al. (2025). While often well-intentioned, such practices introduce variability and increase the risk of error (Fraczkowski et al., 2020).
As Hutchinson et al. (2024) note, these workarounds undermine system integrity and accountability. Therefore, implementation strategies must address not only technical integration but also cultural and behavioural aspects. Structured training, leadership engagement, and continuous reinforcement of the system’s clinical value can reduce reliance on unofficial practices and support consistent adoption.
The importance of organisational support, digital literacy, and a strong workplace culture is widely acknowledged as critical to the success of any digital system implementation. Research shows that even staff with only basic digital skills can perform effectively when provided with adequate time, training, and organisational support (Koch and Fehlmann, 2025). This underscores the need for ambulance-specific solutions that are not only technologically sound but also practically adaptable to the operational demands of the EMS environment.
2.3.2 Optimisation of the Medication Dispensing Process

In pre-hospital emergency care, optimising the medication dispensing process is crucial to ensuring timely, accurate, and safe access to essential drugs (Misasi and Keebler, 2019). For EMS providers like WAST, this means reducing delays, preventing errors, and maintaining consistent stock control across all operational vehicles (Utku et al., 2016). WAST’s internal Datix reports have identified several inefficiencies in the current processes, including poor stock rotation and inconsistent documentation, which contribute to unnecessary wastage and increased clinical risk (Kupas et al., 2012).

Digital technologies such as QR and barcode scanning systems offer promising solutions to these challenges. These systems would enable clinicians to reliably verify key medication details using handheld devices, minimising manual errors (Hamm et al., 2018). Supporting this, Mulac et al. (2021), found that barcode medication administration (BCMA) systems could reduce prescription errors and enhance workflow efficiency in clinical settings by streamlining medication verification and tracking processes.

Naidu and Alicia (2019) noted in their study that hospital occurrence data collected from an anonymous organisation showed that 65% of reported incidents were medication errors, and 35% were near misses. These findings led to the adoption of both BCMA and electronic Medication Administration Record (e-MAR) systems to improve medication safety through automated verification and accurate electronic documentation (Naidu and Alicia, 2019). Using both systems made the medication tracking process more robust and reliable.

When adapted for EMS workflows, medication tracking technology could offer further operational benefits as it could facilitate real-time verification during shift handovers, improve inventory visibility across the fleet, and reduce the cognitive demands on clinicians working under pressure, time-sensitive environments (Zaphir et al., 2025). These benefits are particularly valuable in the predictable context of pre-hospital care.
However, realising these benefits is not guaranteed. Poor integration with existing platforms such as ePCR or Omnicell, alongside insufficient training, and technical issues such as scanning errors or delayed data syncing, can hinder effectiveness (Mulac et al., 2021). These issues are often compounded in mobile or low-connectivity areas, which are common in EMS. A study by Othman et al. (2024) noted concerns that poor internet connection can cause applications to fail to function as intended, or result in the loss of collected data due to an inability to upload information when offline.
Inconsistent staff engagement also poses a challenge. Uneven adoption across teams can diminish expected efficiency gains, particularly when workflows are not aligned. If digital systems are perceived as adding complexity or administrative burden, this can lead to frustration, reduce morale, and ultimately low uptake (Odberg et al., 2025).
Despite these challenges, implementing a QR code-based system offers potential long-term financial and operational benefits for WAST. Enhanced inventory management can reduce overstocking, efficiently identify expired medications, and limit wastage (Cayeux et al., 2019). A more robust audit trail also strengthens accountability and can reduce financial losses related to medication diversion, especially for high-value controlled drugs (Adalbert et al., 2023).  Indirect cost savings may further be realised through fewer documentation-related incidents, shorter investigation times, and improved overall efficiency. While upfront investment in infrastructure and training is required, these initial costs may be offset by long-term improvements in safety, compliance, and resource utilisation.

2.3.3 Efficiency, Accuracy and Safety
Digital technologies have been shown to support more efficient and accurate dispensing. A recent study published by Yu et al. (2025) demonstrated that implementing tools such as BCMA systems significantly improved both dispensing accuracy and workflow efficiency. In EMS, where clinicians work under time pressure in unpredictable environments, traditional paper-based methods are often inadequate, leading to transcription errors, missed entries and delayed documentation (Nanji et al., 2009).
Odberg et al. (2025) emphasise the importance of adhering to the “five rights” of medication administration: right patient, drug, route, time, and dose. While these are clinician-led principles, their successful application is heavily influenced by the systems in place to support them. In this context, QR code scanning can help reduce human error by standardising verification processes and providing real-time prompts during administration (Odberg et al., 2025).
However, research specific to medication safety remains limited. Most guidelines are based on hospital and pharmacy settings (Walker et al., 2019). In the prehospital environment, where conditions are highly variable, medication errors have been reported in up to 12.76% of administrations. These are often due to incorrect drug selection or dosing, rather than documentation alone. Environmental factors, such as poor lighting, noise, fatigue, and distractions, further exacerbate risks, underscoring the need for tailored, field-appropriate digital solutions (Walker et al., 2019).
Supporting this Hagiwara et al. (2019) found that compliance with pre-hospital clinical guidelines varied dramatically, from 7.8% to 95%. Paper-based protocols were cited as a key barrier, with EMS clinicians struggling to access or apply them effectively during patient care. However, when these guidelines were integrated into digital decision-support systems, compliance improved substantially, reinforcing the value of embedded digital tools for enhancing both safety and efficiency (Hagiwara et al., 2019).
QR code systems also contribute to improved documentation by enabling real-time data capture at the point of care. Scanning codes linked to individual medications allows clinicians to immediately log batch numbers, expiry dates, and administration details (Poon et al., 2010), bridging the gap between clinical action and recordkeeping, particularly during handovers or critical situations.
EMS documentation poses unique challenges. Unlike hospital teams with designated scribes or recorders, EMS teams typically lack a dedicated role for data entry and must document on the move while managing urgent clinical tasks. Studies report that up to 40% of EMS records contain missing or erroneous data, largely due to the difficulty of recording accurate information in real time (Hagiwara et al., 2019). This highlights the importance of implementing technology that supports accurate, time-sensitive documentation in the field.
In addition to enhancing accuracy, digital tracking systems can improve inventory oversight. They help identify discrepancies and low stock levels faster than manual checks, contributing to safer practice by ensuring expired or missing items are addressed promptly (Neve and Schmidt, 2022). Embedding these safeguards into routine workflows fosters a culture of proactive accountability.
However, the effectiveness of such systems is dependent on reliable infrastructure and user engagement. Berger et al. (2024) caution that poor integration with existing platforms can lead to increased workload and frustration. Technical issues, such as scanning errors or unstable connectivity, are common in mobile EMS environments and may result in a fallback to inconsistent manual methods (Majumdar et al., 2025). Furthermore, Nikou et al. (2022) warn against over-reliance on digital systems, as this can reduce vigilance in performing manual double-checks.
Nevertheless, these benefits depend on reliable infrastructure and staff engagement. Berger et al.2024) caution that poorly integrated systems can create new inefficiencies, increasing workload and reducing satisfaction. Technical issues, such as scanning failures or unstable connectivity, can also disrupt workflows and may lead to reliance on inconsistent manual backups (Majumdar et al., 2025). There is a further risk of over-reliance on technology, which could lead to reduced vigilance in double-checking critical information (Nikou et al., 2022).
Therefore, while QR code technology holds substantial potential for improving efficiency, accuracy, and safety in EMS, its effectiveness depends on thoughtful implementation, thorough staff training, and ongoing support. Ensuring these systems are integrated seamlessly into real-world workflows is essential to realising the full benefit (Yeoh et al., 2024).
2.3.4 Diversion of Medications
Medication diversion, defined by De Vries et al. (2019) as “the transfer of drugs from legitimate medical use to unlawful personal substance use or trafficking”, remains a significant concern within EMS. This practice refers to the unauthorised use or redirection of medications intended for patient care. High-risk drugs such as opioids are especially vulnerable due to their clinical value and high potential for recreational misuse (De Vries et al., 2019). Within WAST, internal incident reports have highlighted specific system weaknesses, especially when medications are removed from the secure Omnicell storage and placed into vehicle stock, where traditional documentation methods offer limited oversight and traceability.
Although the diversion of CDs is a recognised issue in healthcare, it remains underdiscussed (Brummond et al., 2017). These incidents can have far-reaching consequences, endangering not only the individual involved but also compromising patient safety, undermining team trust, and damaging organisational integrity (Berge et al., 2012). Diversion can occur at any point within the medication chain supply and administration process. With increasing reports of CDs being stolen or misappropriated from healthcare settings for non-medical use or illicit use, it is clear that stronger safeguards are necessary (De Vries et al., 2019).
Research suggests that diversion is often driven by personal substance use rather than financial motives. Berge et al. (2012) describe patterns such as theft of entire vials or the tampering of syringes, which can result in patients receiving diluted or incorrect doses, escalating clinical risks. Brummond et al. (2017) estimate that between 10-15% of healthcare professionals may misuse substances like drugs or alcohol at some point during their careers, reflecting broader trends in the general population. These findings reinforce the need for comprehensive systems that both detect diversion and support affected staff through structured investigative and rehabilitative procedures.
Further insight is provided by De Vries et al. (2019), who highlight the technical and human failure points contributing to diversion, identifying 28 critical modes often rooted in misalignment between users, technology and tasks. This aligns with the FITT framework - evaluating IT solutions through the lens of the Fit between Individuals, Tasks, and Technology – which emphasises that digital interventions must align with the needs of the individuals, the nature of their work, and the available tools to be successful (De Vries et al., 2019).
QR code-based systems offer a practical solution by improving traceability and accountability. Each medication transaction can be linked to a specific staff member and timestamp, significantly enhancing the audit trail (Yeoh et al., 2024). When integrated with platforms like Omnicell and ePCR, QR logs can provide a complete chain of custody from withdrawal to administration or return, closing common traceability gaps.
Additionally, educating all healthcare staff is essential. (Berge et al., 2012) advocate for consistent training from induction onwards, emphasising that increased awareness and clear policies act as deterrents. When supported by real-time digital tracking, this creates a culture of accountability and safety. 
Despite their potential, digital tracking has limitations. Even the most advanced technologies can be circumvented through deliberate manipulation or non-compliance. Healthcare professionals struggling with addiction may exploit weaknesses in drug monitoring systems by ignoring protocols and bypassing safeguards (Berge et al., 2012). Failure to scan medications, share credentials, or technical issues such as poor connectivity can compromise the audit trail. These challenges highlight the importance of consistent policy enforcement, staff accountability, and technical resilience to maintain system integrity.
Technology alone is not enough. Overreliance can lead to complacency, where staff assume automated systems eliminate the need for manual diligence (Grissinger, 2019). Therefore, medication tracking should form part of a broader strategy that combines digital tools with strong organisational culture, ethical oversight, and supportive policies to mitigate the risk of medication diversion.

2.3.5 Effectiveness and Usability
A useful framework for evaluating the likely adoption of QR code-based tracking systems is the Technology Acceptance Model (TAM). Developed by (Davis et al., 1989), TAM highlights perceived usefulness and ease of use as key factors influencing whether digital tools are embraced in professional settings. This is particularly relevant in EMS, where clinicians operate in fast-paced, high-pressure environments. Later extensions of the model by Venkatesh and Davis (2000) introduced additional influences such as peer and supervisor expectations, as well as factors like job relevance, the perceived quality and visibility of outcomes, and how using a tool may enhance professional image, all of which can shape staff willingness to adopt new technologies.
QR code systems have demonstrated strong usability potential. Joshi and Sawant (2024), reported high user satisfaction, highlighting compatibility with existing mobile devices and ease of operation. Their review found that QR technology can streamline documentation and reduce human error by simplifying routine medication logging tasks. However, these advantages are only fully realised when staff are both confident and motivated to use the system effectively (Joshi and Sawant, 2024).
Digital literacy is, therefore, essential. Othman et al. (2024) identified a lack of familiarity and inadequate training as common barriers to adoption. The NHS Long Term Workforce Plan (Harrison, 2023), emphasises the importance of digital literacy and the integration of digital tools within the NHS workforce. Although many staff were aware of evolving technologies, a significant proportion lacked confidence in using them effectively. The author Harrison (2023) further strengthens this by stating that without adequate training and support, digital tools are unlikely to be adopted consistently in practice. These findings point to the need for structured training programmes and phased implementation plans that encourage gradual, supported adoption.
Equally important is system integration. Berger et al. (2024) found that poorly integrated digital systems increased workload and reduced staff satisfaction due to design flaws, fragmented systems, and unclear procedures. Seamless integration into EMS workflows, where time and cognitive capacity are limited, is crucial for ensuring usability and sustained engagement (Berger et al., 2024).
Moreover, ease of use alone does not guarantee consistent application. Burrows et al. (2019) highlight that without consultation, ongoing support, and responsiveness to user feedback, even intuitive systems may be underutilised or inconsistently adopted. They emphasise that continuous evaluation and refinement are essential to ensure digital systems remain aligned with the evolving needs of staff and operational realities in the workplace.
Should WAST implement a medication tracking system, the success will therefore depend not only on technical functionality, but also on addressing human and organisational factors. These include workload pressures, openness to change, leadership engagement, and peer influence. A culture that supports innovation, encourages feedback, and prioritises staff involvement is more likely to foster long-term adoption. Inclusive training, pilot testing, and iterative improvement processes can further strengthen implementation outcomes and overall effectiveness.
2.3.5 Ethical Considerations
The introduction of QR code tracking systems raises important ethical considerations, particularly around data protection, confidentiality, and staff accountability. While these systems are designed to enhance safety and transparency, they must be implemented in ways that respect privacy and maintain trust (Price and Cohen, 2019). In EMS, where care is delivered in mobile environments and is time-critical, safeguarding digital data and ensuring compliance with GDPR and NHS data protection standards is essential. Ethical use also involves transparency, informed consent where appropriate, and promoting a culture of responsibility and trust, rather than one focused on monitoring and control.

[bookmark: _Toc197001564]2.4 Conclusion
This study examined the potential of QR code-based tracking to improve medication management within WAST (Table 2.2). Analysis showed that current manual and partial digital systems suffer from poor traceability, inconsistent documentation, and risk of diversion. QR codes can boost accuracy, efficiency, stock control, and audits, especially when linked with Omnicell and ePCR.
However, success relies not just on technology but also on human factors, organisational culture, digital skills, and ethics. While cost savings strengthen the case, long-term gains need careful integration, ongoing training, and accountability. Despite advances, human error, stress, and fatigue remain key challenges.
Overall, QR code tracking offers an important tool for safer, more transparent medication management in pre-hospital care, but lasting improvement demands addressing both technical and human aspects.

[bookmark: _Toc196997588]Table ‎2.2 Summary of Key Themes Related to Medication Tracking
	Theme
	Key Benefits
	Key Challenges
	Relevance to WAST

	Medication Tracking Systems
	Improved traceability and auditability, reduction in human error
	Resistance to digital tools, variation in adoption, and training needs
	Enhances accountability in high-pressure pre-hospital settings

	Optimisation of Dispensing
	Faster verification, better stock control, reduced waste
	Poor integration with existing systems, inconsistent usage
	Addresses known issues in Datix reports, including overstocking and poor rotation

	Efficiency, Accuracy & Safety
	Supports the ‘five rights’, reduces documentation errors
	Dependence on stable connectivity, risk of overreliance
	Critical for patient safety and continuity of care in mobile, time-sensitive environments

	Diversion of Medications
	Strengthens audit trail, links drugs to users, supports investigations
	Potential for bypassing protocols, audit reliability depends on compliance
	Helps mitigate risk of diversion after Omnicell withdrawal and reinforces accountability

	Effectiveness & Usability
	Easy to use, compatible with mobile devices, saves time
	Low digital confidence, workflow disruption if poorly integrated
	Adoption depends on tailored implementation, proper training, and ongoing staff support





[bookmark: _Toc197001565]Chapter 3: Research Methodology 

This chapter details the mixed methods research approach used to assess the feasibility and implications of implementing a QR code-based medication tracking system within WAST. By incorporating both qualitative and quantitative methods, this approach ensures a well-rounded analysis of user experiences, system usability, and adoption challenges (Kujala et al., 2024).

[bookmark: _Toc197001566]3.1 Justification of the research methodology and method
A mixed-method approach was chosen to leverage the strengths of both qualitative and quantitative research, providing a comprehensive understanding of the research problem. This methodology is particularly suited to healthcare environments, where human behaviour, system design, and practical implementation overlap (Kalolo et al., 2024). Qualitative methods, gathered through survey responses, provided valuable insight into the challenges of medication tracking. In contrast, quantitative analysis provided measurable evidence by identifying patterns and trends related to error rates, medication wastage, and user adoption.
Supporting this methodology, Mulac et al. (2021) utilised a similar mixed methods design in their study, combining structured observations with nurse feedback and field notes. This approach revealed not only how the technology was being used in practice but also where policies were not being followed, insights that would have been missed using a single method alone. Their findings highlight the importance of using a mixed approach when evaluating healthcare technologies.
Alternative methodologies were considered before selecting a mixed-methods approach. Observational studies could have highlighted workflow inefficiencies but would not have fully captured stakeholder perspectives and would have required significant time and resources (Thomas et al., 2024).  A pilot implementation of QR code tracking could have delivered robust empirical evidence, but it was unfeasible due to time, logistical constraints, and the need for extensive approvals and infrastructure modifications. Similarly, case studies of other healthcare organisations were also considered but lacked direct applicability to WAST’s unique operational structure.
Ultimately, the mixed-methods approach was determined to be the most effective for evaluating both the technical feasibility and human factors influencing the adoption of a QR code-based medication tracking system. This approach enabled the collection of both statistical data and qualitative insights, ensuring a comprehensive assessment of the potential benefits and challenges associated with implementing QR code technology in pre-hospital medication management.

[bookmark: _Toc197001567]3.2 Data Collection Design 
Effective data collection is essential for evaluating the integration of the QR code system. This study examines both stakeholder experiences and technical functionality to assess usability, adoption challenges, and overall effectiveness. 

3.1.1 Qualitative Methods

Questionnaires were developed and distributed to key senior clinical stakeholders, whose roles are described in Table 3.1 (Appendix A):

[bookmark: _Toc196997589]Table ‎3.1 Overview of Participant Roles and Responsibilities in Stakeholder Engagement
	Role
	Description of the Role
	Number of Participants

	Chief Clinical Information Officer (CCIO)
	Leads the integration of clinical expertise with digital systems to improve patient care, safety, and operational efficiency
	1

	Regional Health Board Clinical Leads
	Provides clinical leadership across multiple health boards, ensuring the alignment of clinical strategies and improving care quality at a regional level
	3

	Health Board Clinical Leads
	Oversees clinical governance within a health board, driving quality improvement, patient safety, and effective clinical service delivery
	8

	Medicine Management Team
	Ensures safe, effective, and cost-efficient use of medicines through policy development, formulary management, and support for prescribing practices
	3




This approach allowed for the collection of diverse perspectives while ensuring accessibility and convenience for participants across various locations. The responses will be analysed thematically using Excel to identify common challenges, perceptions, and potential improvements related to medication tracking and the integration of a QR code-based system.

Initially, face-to-face semi-structured interviews and focus groups were considered to facilitate discussions on the operational and procedural changes required. However, due to ongoing service pressures, time constraints, and the wide geographical spread across Wales, these in-person methods were not feasible. Interviews and questionnaires with the WAST ICT team were also considered, but demands from ongoing system developments limited their availability. Furthermore, only two ICT staff members had detailed knowledge of the application, limiting its potential reach. A similar challenge was faced with the ePCR suppliers, who’s small team and high workload made their participation unfeasible. However, since QR code functionality is already in place for vehicle sign-on, suppliers have confirmed that integrating a QR code interface is technically feasible, as similar integration already exists within the application.  As a result of these limitations, the study focused primarily on clinical users who are directly involved in medication dispensing and tracking.

3.1.2 Quantitative Methods
While surveys can be considered a mixed-methods tool due to their ability to collect both quantitative and qualitative data, in this study, the survey was used exclusively for quantitative data collection. It was designed to gather data on current medication tracking practices and assess perceptions of a QR code-based system (Appendix B). To ensure clarity and relevance, the survey was initially piloted with the CCIO, RHBCLs, and Medicines Management Team. Their feedback was sought to ensure the survey effectively captured the key issues, their input led to refinements in some questions to better align with the intended audience. As a result, the wording and focus of certain questions were revised to ensure clarity, relevance, and applicability to the operational realities of clinical practice. This iterative process helped strengthen the survey’s validity, ensuring that it accurately captured the perspectives of frontline staff while maintaining a structured and methodologically sound approach.
The survey was distributed using Microsoft Forms and sent by email with blind carbon copy (BCC) to a targeted group of 50 Senior Paramedics (SPs) across Wales. These SPs were selected due to their direct involvement in both the administration and accountability of medication tracking. In their roles, SPs provide clinical oversight and support to teams comprising various clinical grades, ensuring ongoing competency and compliance with WAST standards. To protect participant anonymity, name collection was disabled in the survey settings. As outlined in the survey participation information sheet, all participants were informed that their involvement was voluntary, with the option to withdraw at any stage (Appendix C).
The survey was designed to collect quantifiable data, and a range of question types was included to ensure a comprehensive analysis of the current tracking process. It began with demographic questions, gathering essential background information such as age group, gender, ethnicity, and health board affiliation. This contextual data helped identify trends and variations in responses across different demographics.
To evaluate confidence and current practices, the survey included Likert-scale and multiple-choice questions that assessed participants’ confidence levels in the existing medication tracking process, adherence to tracking protocols, and the frequency of encountering medication discrepancies. Questions on medication accountability and safety explored participants’ awareness of correct documentation procedures, their perceptions of patient safety, and the effectiveness of the current system in preventing medication diversion and wastage.
Further questions focused on perceptions of QR code integration, assessing attitudes toward implementing such a system and its potential impact on tracking accuracy and compliance with documentation requirements. The final section sought to gauge overall support for the introduction of a QR code system within WAST’s medication management framework. Incorporating a combination of Likert-scale, multiple-choice, and binary response questions, the survey ensured a structured yet flexible approach to gathering insights. This allowed for statistical analysis while also capturing key concerns and potential areas for improvement.

[bookmark: _Toc197001568]3.3 Sampling techniques 
A purposive sampling approach was chosen to ensure that participants had direct experience with WAST’s medication tracking system. This included the CCIO, RHBCLs, HBCLs, the Medicine Management Team, and SPs - who are key individuals who interact with the system daily. By focusing on those with firsthand knowledge, the study aimed to capture the real challenges and opportunities in medication tracking.
To further enhance the depth of perspectives, snowball sampling was used. For instance, while discussing the study with the CCIO, it was suggested that RHBCLs should also be involved as they could offer valuable insights that weren’t initially considered. This approach ensured that different perspectives were included, making the findings more comprehensive.
For the survey, convenience sampling was used, targeting SP’s who were available during the study period. While this made data collection more practical, it also meant that responses might not fully reflect the experiences of all clinicians. The largest clinical workforce, including Paramedics, Technicians, and Ambulance Care, were not surveyed due to the sheer number of individuals involved, which spans well over two thousand across Wales.
Every sampling method has its limitations. In this case, purposive and convenience sampling may have excluded some perspectives, but given the study’s time constraints, this approach was the most practical. The priority was to engage those with the most relevant experience to ensure the study remained focused and actionable.

[bookmark: _Toc197001569]3.4 Data analysis techniques 

3.4.1 Quantitative Data
The survey results were analysed using the data automatically generated by Microsoft Forms, which allowed to spot trends and key insights. The platform provided summary statistics, response percentages, and visual breakdowns like bar charts and pie charts, helping to see how different questions were answered at a glance. By looking at response patterns, we could get a clearer picture of how confident staff felt about medication tracking, what challenges they faced, and whether they supported the idea of a QR code-based system. This approach helped turn raw survey responses into meaningful findings that could guide future improvements.

3.4.2 Qualitative Data
Qualitative data from questionnaires, including document reviews from Datix reports were analysed to ensure accurate and reliable findings. Datix is a healthcare incident reporting system used to document any type of adverse event, near miss, or safety concern involving patients, staff, and the general public. The purpose of reporting is not to assign blame, but to promote transparency and support organisational learning. By capturing and analysing these incidents, organisations can identify trends, implement improvements, and enhance overall safety and quality of care. 

For this research, Datix reports were analysed as they provide insights into medication-related incidents. These reports are compiled into a Learning and Improvement Notification (LIN) by the Medicines Management Team, outlining whether each issue has been resolved and what actions were taken. By examining these reports, the aim was to identify common themes, recurring issues, and gaps in current tracking processes. This analysis supported a better understanding of how a QR code-based system could address existing challenges and enhance medication accountability.

To ensure methodological robustness, the thematic analysis followed Braun and Clarke's, (2008) six-phase framework: familiarisation with the data, generating initial codes, searching for themes, reviewing themes, defining and naming themes, and producing the report. This approach was supported by Naeem et al. (2023), who applied the framework to develop theory-informed models from qualitative data. 

This guidance supported a structured and transparent thematic analysis, identifying patterns in medication tracking, policy adherence, and clinical incidents. Using Excel to organise and code responses, categorising recurring themes from Datix - LIN reports and questionnaire, highlighting key trends and informing recommendations to enhance medication tracking within WAST.

[bookmark: _Toc197001570]3.5 FITT Framework
The FITT framework (Fig 3.1), which is a widely used model for evaluating IT solutions by examining the interaction between individuals, tasks, and technology (Ammenwerth et al., 2006) will be used to analyse key components of the study of how medication tracking, QR code integration, and stakeholder engagement interconnect. Unlike other models, it takes a balanced approach by considering user needs, workflow demands, and system capabilities, making it particularly effective in clinical settings where seamless adoption is essential (Venkatesh et al., 2003). Rather than focusing solely on technology or user behaviour, the FITT framework highlights the importance of how these three elements, clinicians, QR code-based systems, and medication tracking, work together for successful implementation.

[image: Figure 4]

[bookmark: _Toc196997529]Figure ‎3.1 The FITT Framework. (Ammenwerth et al., 2006)

For WAST, the FITT framework provides a structured way to assess how well a QR code tracking system aligns with clinical workflows. It considers the characteristics of the users (clinicians), the technology (QR code system), and the task (medication tracking) to anticipate challenges and improve implementation (Ammenwerth et al., 2006).

3.5.1 Fit Between the Individual and the Technology
For clinicians to adopt the QR code system successfully, it must be intuitive, fast, and easily integrated into their daily routines. A user-friendly interface, similar to the ePCR system, would help staff become comfortable with regular use (Venkatesh et al., 2003) and increase acceptance. Some initial resistance is expected, as seen with ePCR, but clear training, hands-on practice, and individual support, regardless of their experience with technology, would ease the transition.

3.5.2 Fit Between Technology and Task
In clinical settings, medication tracking needs to be accurate, efficient, and secure. The QR code system would improve documentation and decision making, reduce errors, prevent medication diversion and wastage, and enhance regulatory compliance (Dawson et al., 2013).

3.5.3 Fit Between the Individual and the Task
Clinicians must trust the system to support their workflow rather than hinder it. Reliability, accuracy, and ease of use are crucial for successful adoption (Venkatesh et al., 2003). To build this trust, clear communication about the benefits, hands-on training, and ongoing support is essential. Simulation environments and e-learning modules, similar to those used during the ePCR rollout, can reinforce learning and ensure compliance.

3.5.4 Assessing the FITT Framework for the QR Code-Based System
Evaluating the system through the FITT framework requires both quantitative and qualitative methods, such as surveys, questionnaires, and document reviews, to gather insights into user expectations and challenges. Since the system is not yet in place, analysing the fit between individual, task, and technology will help WAST identify obstacles and refine the implementation process, applying lessons from previous IT rollouts like the ePCR solution. Harvey Balls are used to represent the level of fit between the individual, task, and technology components (Table 3.2).
[bookmark: _Toc196997590]Table ‎3.2 Description of the Harvey Balls to interpret the FITT framework applied to the QR-code system
	Fit Level
	Description

	[image: Harvey Balls 100% with solid fill]100% filled
	Indicates an optimal fit, where the system fully supports user needs and task requirements

	[image: Harvey Balls 50% with solid fill] 50% filled
	Represents a sufficient fit, suggesting that the system is functional but may have limitations or require further refinement

	[image: Harvey Balls 0% with solid fill] 0% filled
	Denotes an insufficient fit, highlighting areas where significant misalignment exists



[bookmark: _Toc197001571]3.6 Validity and Readability
To ensure the study was reliable and valid, steps were taken to minimise bias during data collection. The questionnaire was written in clear, neutral language to prevent leading responses, and questions were structured to allow participants to share their perspectives freely. Additionally, various data sources were used, such as survey and questionnaire responses, document reviews, and incident reports, which helped to cross-check findings and provide a more comprehensive understanding of medication tracking challenges. Readability was also considered, ensuring that all questions were straightforward for participants to understand, which helped minimise the chances of misinterpretation.

[bookmark: _Toc197001572]3.7 Ethical considerations 
Ethical approval for this study was obtained through the UWTSD ethics board and was also reviewed and approved by the WAST Research and Innovation Team (Appendix D).

3.7.1 Informed Consent and Confidentiality Measures
Participants received an information sheet (Appendix C) outlining the study’s purpose, their right to withdraw, and data usage. Senior Paramedics were invited to participate for their valuable insights in evaluating potential improvements to medication tracking. Questionnaires were distributed to key stakeholders, and responses were coded by unique numbers to prevent identification. Additionally, all collected data was securely stored and used exclusively for this research and will be permanently destroyed after the study is complete, in full compliance with data protection regulations. Participants’ contributions were essential to shaping the potential system development while upholding ethical and data protection standards. 

[bookmark: _Toc197001573]3.8 Limitations of the study

This study faced several limitations. Ongoing service demands within the EMS environment, alongside ICT recent systems improvements and developments, have limited the availability and time of key staff. As a result, input from key stakeholders wasn’t as in-depth as initially hoped.

While the aim was to explore the practices of other UK ambulance services to compare different approaches to medication tracking, this also wasn’t possible due to the logistical challenges and lack of resources. This limited the ability to explore cross-service comparisons to assess broader applicability. Additionally, participation in the surveys and questionnaires was slower than expected. Participation was lower than anticipated, which may have affected the quality and completeness of the data collected. The delay in response may also have been influenced by the high operational demands placed on EMS clinicians, further hindering the timely collection of data. Despite these limitations, the study still provides valuable insights into the integration and effectiveness of the QR code system, offering a foundation for future research and potential system improvements.

[bookmark: _Toc197001574]3.9 Project Planning and Management

Effective project planning and management are essential, there are various project management methodologies available, each with their own strengths and weaknesses. Traditional methods such as the Waterfall approach offer structure and predictability but are often criticised for their rigidity, which can hinder adaptability and contribute to project delays or failures (Kerzner, 2017).In contrast, Agile methodologies such as Scrum, Lean, and Kanban, are widely valued for their flexibility, lightweight structure, and iterative progress with minimal documentation.
Despite the advantages of Agile, PRINCE 2 (Projects in Controlled Environments) remains the preferred framework within NHS organisations, including WAST, due to its clear governance structure and focus on managing risk, resources, and timelines. As such, PRINCE2 methodology was adopted in planning this dissertation to ensure a structured and phased approach. This helped maintain control over each phase of the project, ensured alignment with objectives, and supported timely completion through well-defined milestones, roles, and deliverables (Table 3.3).
[bookmark: _Toc196997591]





	Table ‎3.3 Project’s timeline 

	Task
	Start
	Finish
	Start
	Finish
	Action Status / Notes

	 
	Indicative
	Indicative
	 / ×
	 / ×
	 

	Timeline
	09.09.24
	16.05.25
	 
	 
	 

	IMRAD Structure
	09.09.24
	23.09.24
	
	
	 

	Prepare for supervision meeting - project brief
	09.09.24
	27.09.24
	 
	
	 

	Term dates - 1st
	23.09.24
	13.12.24
	 
	 
	 

	Supervision meeting
	23.09.24
	27.09.24
	 -
	-
	 

	Literature Review
	27.09.24
	25.10.24
	 ×
	 
	 

	Ethical review work on draft
	27.09.24
	25.10.24
	
	
	 

	Methods selection and justification
	27.09.24
	25.10.24
	
	
	 

	Prepare for supervision meeting
	30.09.24
	04.10.24
	
	
	 

	Supervision meeting
	07.10.24
	11.10.24
	
	
	 10.10.24

	Prepare for supervision meeting
	14.10.24
	18.10.24
	-
	 -
	 

	Supervision meeting
	21.10.24
	25.10.24
	 -
	 -
	 

	Ethical application submission
	25.10.24
	25.10.24
	 
	 
	 Approved 

	Annual Leave
	28.10.24
	01.11.24
	 
	 
	 

	Start primary data collection (subject to favourable ethical opinion)
	04.11.24
	13.12.24
	 ×
	 
	 

	Complete draft Literature Review and Methods chapters
	04.11.24
	13.12.24
	 ×
	 
	 

	Draft in - complete Introduction chapter
	04.11.24
	13.12.24
	
	 
	 

	Prepare for supervision meeting
	04.11.24
	08.11.24
	
	
	 

	Supervision meeting
	11.11.24
	15.11.24
	
	
	 13.11.24

	Prepare for supervision meeting
	18.11.24
	22.11.24
	
	
	 

	Supervision meeting
	25.11.24
	29.11.24
	
	
	 

	Prepare for supervision meeting
	02.12.24
	06.12.24
	
	
	 

	Supervision meeting
	09.12.24
	13.12.24
	
	
	 

	End of 1st term
	13.12.24
	03.01.25
	 -
	 -
	 

	Term dates - 2nd
	06.01.25
	04.04.25
	 
	 
	 

	Preparation for progress review presentation
	06.01.25
	21.02.25
	
	
	26.02.2025

	Prepare for supervision meeting
	13.01.25
	17.01.25
	
	 
	 

	Supervision meeting
	20.01.25
	24.01.25
	
	 
	 

	Start primary data analysis
	20.01.25
	28.02.25
	
	 
	 

	Draft Results chapter
	20.01.25
	28.02.25
	×
	 
	 02.04.2025

	Prepare for supervision meeting
	27.01.25
	31.01.25
	
	
	 

	Supervision meeting
	03.02.25
	07.02.25
	
	
	 

	Prepare for supervision meeting
	10.02.25
	14.02.25
	
	
	 

	Supervision meeting
	17.02.25
	21.02.25
	
	
	 

	Progress review meeting with supervisor and moderator
	17.02.25
	21.02.25
	
	
	 26.02.2025

	Prepare for supervision meeting
	24.02.25
	28.02.25
	
	
	 

	Supervision meeting
	03.03.25
	07.03.25
	
	
	 

	Continue Results chapter
	10.03.25
	25.04.25
	
	
	 

	Update Literature Review and Methods chapters
	10.03.25
	25.04.25
	
	
	 

	Draft Discussion chapter
	10.03.25
	25.04.25
	
	 
	 

	Outline Conclusions chapter
	10.03.25
	25.04.25
	
	 
	 

	Prepare for supervision meeting
	10.03.25
	13.03.25
	
	 
	 

	Annual Leave
	14.03.25
	28.03.25
	 
	 
	 

	Supervision meeting
	31.03.25
	04.04.25
	 
	
	 

	Prepare for supervision meeting
	07.04.25
	11.04.25
	
	
	 

	Supervision meeting
	14.04.25
	18.04.25
	×
	×
	 Supervisor on AL

	Prepare for supervision meeting
	21.04.25
	25.04.25
	
	
	 

	Supervision meeting
	28.04.25
	02.05.25
	
	
	 

	Complete dissertation and final revisions
	28.04.25
	05.05.25
	
	
	 

	Final student presentation to supervisor
	28.04.25
	05.05.25
	
	
	 

	Submission date deadline
	06.05.25
	06.05.25
	
	
	 




[bookmark: _Toc197001575]Chapter 4: Results

This chapter presents the study’s findings in three sections: Survey Responses, Questionnaire Results, and Datix Reports. Together, these findings assess the effectiveness and feasibility of a QR-based medication tracking system.

[bookmark: _Toc197001576]4.1 Survey Responses

Information about stakeholders' age and health boards was collected and will be available in Appendix E.

4.1.1 Confidence in the Current Medication Tracking System
Confidence in the existing medication tracking system appears to be relatively low, with only 19% expressing confidence. While a small portion of 9%   reported feeling confident in the system, a much larger proportion of 53% stated they were either “not very confident” or “not confident at all’. This indicates a clear lack of trust in the current process for tracking medications once withdrawn from Omnicell (Fig. 4.1).
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[bookmark: _Toc196997530]Figure ‎4.1 Confidence in the current medication tracking process post Omnicell withdrawal

4.1.2 Medication Accountability and Missing Drugs
Figure 4.2 illustrates the frequency of drug case contents being checked against laminate inventory listings, revealing inconsistencies in medication accountability. Data show that most respondents (53%) reported “Often” checking the contents of a drug case against a laminate. A further 41% indicated that these checks “Always” occur. Only 6% of respondents reported that the checks happen “Sometimes”. Interestingly, no respondents stated that these checks occur “Never” or “Rarely”. These findings suggest a relatively high frequency of medication accountability checks among the respondents, with the majority adhering to established protocols. However, the 6% reporting occasional checks might indicate areas for potential improvement, particularly if inconsistencies or missing drugs are a recurring issue. 
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[bookmark: _Toc196997531]Figure ‎4.2 Frequency of drug case content checks against laminate inventory listings

Figure 4.3 illustrates the reported frequency of missing or unaccounted medicines (except for Morphine) following the removal from the Omnicell system. Most respondents (35%) indicated that these incidents occur “Rarely”, while 34% reported that these incidents happen “Sometimes”. A smaller proportion, 16%, stated that missing or unaccounted medications “Never” occur, suggesting some confidence in the tracking process. However, 9% of respondents reported these issues occur “Often”, and 6% stated that they occur “Always”.  These results reinforce concerns about gaps in medication tracking, with nearly half of the respondents (69%) indicating that missing or unaccounted medications happen at least occasionally. 
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[bookmark: _Toc196997532]Figure ‎4.3 Frequency of missing or unaccounted medicines (excluding morphine) after removal from Omnicell

For morphine, the situation appears more stable, with 74% of participants stating that they “Rarely” find any missing after being signed into the CD safe. This suggests that in comparison to other medications, Morphine is better accounted for within the system. However, even with this higher level of consistency, any missing controlled medications still raise a serious concern (Fig. 4.4).
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[bookmark: _Toc196997533]Figure ‎4.4 Frequency of missing morphine after signing into the CD safe


4.1.3 Medication Recording and Patient Safety
Encouragingly, all respondents (100%) were aware that drug administration should be recorded in the Drugs section of the ePCR rather than the Clinical Narrative (Fig. 4.5). This indicates a strong understanding of the correct procedural protocol. However, opinions on whether the current recording methods support patient safety were divided. While 44% agreed or “Strongly Agreed” that the system was sufficient, 34% “Disagreed” or “Strongly Disagreed”, suggesting many believe improvements are needed (Fig. 4.6).
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[bookmark: _Toc196997534]Figure ‎4.5 Awareness of proper drug administration documentation in the ePCR drug section
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[bookmark: _Toc196997535]Figure ‎4.6 Evaluation of the current medicine recording method in supporting patient safety and medication tracking

4.1.4 Preventing Medication Diversion and Wastage Monitoring
Figure 4.7 illustrates the perceived effectiveness of the current system in preventing diversion and misuse. A large majority of respondents (88%) indicated that the current system fails to prevent medication issues from occurring. In contrast, only 12% felt that the system is effective in safeguarding medications from diversion and misuse. This contrast highlights a significant concern about the adequacy of the existing system. 
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[bookmark: _Toc196997536]Figure ‎4.7 Effectiveness of the current system in preventing medication diversion and misuse

Figure 4.8 evaluates the perceived effectiveness of the current system in monitoring medication wastage following the removal of Omnicell. A significant majority of respondents (66%) rated its ability to monitor wastage as “Poor”, and an additional 28% as “Very Poor”, which indicates that the system is ineffective in both preventing diversion and reducing waste. Only a small proportion of respondents rated the system as “Good” (3%) or “Fair” (3%), with none rating it as “Excellent”. This distribution strongly indicates widespread dissatisfaction with the current system’s ability to monitor medication wastage effectively. 
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[bookmark: _Toc196997537]Figure ‎4.8 Evaluation of the current system’s ability to monitor medication wastage after Omnicell withdrawal


4.1.5. Potential of a QR Code-Based Tracking System
There is strong support for improving medication tracking, with 69% of respondents agreeing that QR codes would enhance accuracy and reliability. Meanwhile, 19% remained neutral, and none disagreed (Fig. 4.9). 
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[bookmark: _Toc196997538]Figure ‎4.9 Potential of a QR code system improving medication tracking accuracy and reliability
Additionally, Fig. 4.10 presents perceptions of the importance of access to medication tracking data following the withdrawal of Omnicell. A substantial majority of respondents viewed access as “Extremely Important” (35%), and 34% of respondents viewed it as “Very Important”. Additionally, 28% considered it “Somewhat Important”, further reinforcing its perceived value. Only a small minority (3%) felt it was “Not Very Important”, and none rated it as “Not Important at all”, highlighting strong consensus on the need for reliable access to medication tracking data in the current system.
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[bookmark: _Toc196997539]Figure ‎4.10 Importance of access to medication tracking data after Omnicell withdrawal

Figure 4.11 illustrates the impact of using QR codes to pre-populate drug administration elements on ePCR compliance. The data indicates that a significant majority, 81%, agreed that QR codes could help with medication documentation by auto-filling details in the ePCR. Conversely, 19% did not observe an improvement in ePCR compliance despite the use of QR codes. These results suggest that QR codes are a generally effective tool for enhancing the accuracy and completeness of drug administration data entry in ePCR systems, highlighting the need for a more transparent and efficient tracking system.
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[bookmark: _Toc196997540]Figure ‎4.11 Impact of QR codes in pre-populating drug administration elements on ePCR compliance

4.1.6. Support for QR Code Tracking System Implementation
The survey results (Fig. 4.12) indicate strong backing for the implementation of the QR code system to enhance medication tracking. A clear majority of respondents expressed positive views, with 56% of participants as “Supporting” and 32% as “Strongly Supporting” its introduction. While there is minor opposition (6% “Strongly Opposing” and 3% “Opposing”), the overwhelming consensus suggests that such a system could address the existing issues in medication tracking, which will improve compliance and enhance overall accountability.
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[bookmark: _Toc196997541]Figure ‎4.12 Support for introducing a QR code system to enhance medication tracking

[bookmark: _Toc197001577]4.2 Questionnaire Results - Quantitative Results
Over 28 days, 80% of respondents completed the questionnaire, averaging 13 minutes and 31 seconds. Most (42%) were from Betsi Cadwaladr University Health Board (BCUHB), though this holds little significance given the small, specialised target group. Higher BCUHB participation may reflect familiarity with the author. One invited participant opted out, noting they lacked relevant operational experience with ePCR or Omnicell.
 
4.2.1 Confidence in Current Process
Fig. 4.13 illustrates stakeholders’ confidence in WAST’s current medication tracking process following the withdrawal of Omnicell. Notably, the largest proportion of respondents (34%) reported being “Extremely not Confident”, indicating significant concern about the new system, highlighting widespread concern about the integrity of the tracking process. An equal share of participants (25%) felt “Somewhat Confident” and “Somewhat not Confident”, suggesting a divided perception. Only 8% were extremely confident in WAST’s current process for tracking medications after they are withdrawn from Omnicell. 
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[bookmark: _Toc196997542]Figure ‎4.13 Confidence in WAST’s current medication tracking process post Omnicell withdrawal

4.2.2 Frequency of Missing/Unaccounted Medications
Figure 4.14 details the frequency of issues related to missing or unaccounted medications following the removal of Omnicell systems. Most respondents, 83%, indicated that such incidents occur “Sometimes”, while 17% reported they occur “Often”. Notably, no respondents selected either “Often”, “Never” or “Rarely”, suggesting that this is a common issue across the board. This data suggests that while medication discrepancies are not a constant occurrence, they do arise with some regularity following the removal of the Omnicell system. 
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[bookmark: _Toc196997543]Figure ‎4.14 Frequency of issues with missing or unaccounted medications post Omnicell removal

4.2.3 Effectiveness of CD Safe Process
When considering the effectiveness of the CD safe process, a significant majority, 75% of respondents, perceived the current process as “Very Effective”. A further 17% found it “Somewhat Effective”. In contrast, 8% considered the process to be “Somewhat Ineffective”, while 0% believed it is “Neither Effective” or “Very Ineffective”. However, this level of confidence did not extend to the broader medication tracking process, particularly outside the scope of CDs. Overall, the data indicates a strong positive perception of the current procedures in safeguarding controlled drugs post CD-safe entry (Fig. 4.15).
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[bookmark: _Toc196997544]Figure ‎4.15 Effectiveness of the current process in preventing loss or mismanagement of controlled drugs after CD safe entry

4.2.4 Tracking Medication for Supporting Continuity of Care
Respondents were asked about how well the current system tracks medication administration to ensure continuity of care and its effectiveness in preventing the loss or mismanagement of controlled drugs after entry into the CD safe. Responses were mixed, indicating room for improvement. No respondents selected “Very Poorly”, suggesting that the system is at least minimally functional in this area. However, 17% rated it “Poorly”, and 8% selected “Not Very Well”, reflecting a level of dissatisfaction. Most respondents, at 50%, chose a neutral stance, which may suggest uncertainty, with only 17% feeling that the system was “Somewhat Effective” in supporting continuity of care. These results suggest a mixed perception, highlighting that while negative perceptions are limited, confidence in the system’s effectiveness remains generally low, suggesting an opportunity to improve (Fig. 4.16).
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[bookmark: _Toc196997545]Figure ‎4.16 Effectiveness of medication administration tracking in supporting continuity of care

4.2.5 Medication Wastage Monitoring Post Omnicell
Figure 4.17 presents the perception regarding the monitoring and management of medication wastage following the removal of Omnicell systems, revealing significant concerns. No respondents expressed a positive view that the system performed “Extremely well” or “Somewhat well”, while the majority, at 58%, rated it as performing “Extremely not well”, and 25% selected “Somewhat not well”. Only 17% chose a neutral stance. There is clear evidence of widespread dissatisfaction regarding the system’s capability to track and manage wastage beyond the Omnicell point. The absence of positive responses suggests that once medications are removed, visibility and accountability diminish considerably, leading to potential inefficiencies, loss, or misuse. This finding reinforces the need for improved post-Omnicell monitoring solutions.
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[bookmark: _Toc196997546]Figure ‎4.17 Monitoring and management of medication wastage post Omnicell removal

4.2.6 Perceived Impact of QR Code System Tracking Accuracy and Reliability
Figure 4.18 illustrates the perceived impact of a QR code system on medication tracking accuracy and reliability. The results reveal a strong belief in the potential benefits of the system, with 67% of respondents expressing confidence in the system’s ability to improve accuracy and reliability. In contrast, none of the respondents perceived a negative impact, and a substantial portion, 33%, were unsure and selected “Maybe” regarding the system’s impact, suggesting that while they recognise the possible benefits of QR code technology, they may have reservations or require further evidence to confirm its effectiveness in practice before widespread implementation. 
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[bookmark: _Toc196997547]Figure ‎4.18 Perceived impact of QR code system on medication tracking accuracy and reliability

4.2.7 Real-Time Tracking Importance After Omnicell Withdrawal
Figure 4.19 details the perceived importance of real-time medication tracking data for clinicians and management following the withdrawal of Omnicell systems. The responses collected reveal a strong consensus on the critical value of this data. 83% of respondents selected “Extremely important”, highlighting the key role that real-time tracking plays in supporting clinicians and management after the transition from the Omnicell system. Smaller segments considered it “Somewhat important” (9%) or hold a “Neutral” position (8%), indicating some uncertainty regarding its need. Notably, no respondents chose “Somewhat not important” or “Extremely not important”, reinforcing the widespread agreement on the importance of having real-time tracking data. 
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[bookmark: _Toc196997548]Figure ‎4.19 Importance of real-time medication tracking data for clinicians and management after Omnicell withdrawal

[bookmark: _Toc197001578]4.3 Questionnaire responses 
The questionnaire findings highlight several recurring themes that reflect key challenges and opportunities within the current medication tracking system. These themes were identified through thematic analysis of the open-ended responses, allowing for the recognition of common patterns and concerns expressed by key stakeholders. Table 4.1 presents a summary of the key findings from the thematic analysis, including direct quotes from participants.






 
[bookmark: _Toc196997592]Table ‎4.1 Thematic Analysis of Reported issues Related to Medication Tracking
	Theme / Sub-Theme
	% of Respondents
	Number of Respondents
	Example of Reported Issue

	 
	 
	 
	 

	System Gaps and Medication Tracking Challenges
	 
	 
	 

	 
	 
	 
	 

	Lack of traceability / audit trail
	58%
	7
	"There is no audit process to account for drugs withdrawn from Omnicell cell"

	Medication diversion concerns
	33%
	4
	"Diversion of drugs would be fairly easy"

	Stock wastage
	33%
	4
	"Too much wastage of medications / no stock check of medications on Ambulances / RRV"

	Inaccurate documentation
	25%
	3
	"Crews are not documenting if they remove a box or a strip of meds, therefore the count is always incorrect"

	 
	 
	 
	 

	Documentation Practices and Compliance
	 
	 
	 

	 
	 
	 
	 

	Inconsistent ePCR documentation
	50%
	6
	"Not very effective at all. Some use batch numbers and expiry dates, some don't"

	Need for improved accuracy / batch recording
	42%
	5
	"Needs improvement - timings, dosages"

	Belief that ePCR is effective
	8%
	1
	"Not seen any issues"

	Time constraints affecting ePCR compliance
	42%
	5
	"Time to complete as 20 minutes on start of shift is not enough / takes time to go through medications on the laminate sheet"

	System complexity
	33%
	4
	"Ease of system end user / operator use - clear training module and system reliability"

	Variation in practice
	17%
	2
	"Variation in practice with drugs section on ePCR often missed but administrations recorded in the narrative section often preventing effective audit"

	 
	 
	 
	 

	Barriers to Routine Checks and Stock Oversight
	 
	 
	 

	 
	 
	 
	 

	Time pressure affecting laminate list checks
	75%
	9
	"Time constraints during shift. Crews do not have enough time when completing the DVI to check all of the drugs against the laminate"

	Cultural disengagement
	25%
	3
	"Time would be the biggest barrier but also culture in the context of hospital delays"

	Outdated / inaccurate references
	17%
	2
	"A lot of unaccounted meds which are assumed to have gone out of date"

	Overstocking
	50%
	6
	"Crews 'overstocking' despite clear guidance via the drugs box laminate sheet and clinical notes"

	Poor stock rotation / storage
	33%
	4
	"New fluids being placed on top of older fluids, in turn the older fluids are expiring"

	Packing / damage related wastage
	17%
	2
	"Damage to packaging"

	 
	 
	 
	 

	CD Security and Diversion Risk
	 
	 
	 

	 
	 
	 
	 

	Minimal concern over CD tracking
	67%
	8
	"No, attending local health board meetings I am confident we have an incredibly robust system"

	Lack of real-time monitoring
	33%
	4
	"Better close system of audit, allowing for 'real-time' issues/trends to be flagged and thus allowing immediate actions to rectify"

	System does not prevent diversion
	75%
	9
	"No, and if requested to track medications for example, when investigating potential abuse, this is very difficult to complete"

	System provides some CD protection
	17%
	2
	"CD's yes, Prescription Only Medicines No"

	 
	 
	 
	 

	Impact on Patient Safety
	 
	 
	 

	 
	 
	 
	 

	Supports safety if used correctly
	50%
	6
	"If recorded correctly on ePCR, yes"

	Provides safety benefits
	33%
	4
	"Yes"

	Does not support safety
	17%
	2
	"No"



4.3.1 System Gaps and Medication Tracking Challenges
Figure 4.20 summarises the main weaknesses identified in the current medication systems as reported by the questionnaire respondents. A significant proportion, 58% of respondents, highlighted the lack of traceability and audit trails as a major shortcoming of the current system. This weakness is often linked to other concerns, including medication diversion and stock wastage, which were each raised by 33% of participants. Additionally, 25% mentioned inaccurate documentation as a contributing factor, further highlighting issues with data reliability and accountability in the existing system. 
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[bookmark: _Toc196997549]Figure ‎4.20 Main reported weaknesses of the current medication system

4.3.2 Documentation Practices and Compliance
A key theme emerging from the questionnaire responses was the limited usability and reliability of the ePCR system, particularly regarding medication documentation and protocol compliance. 50% of respondents described inconsistencies in how medications were recorded, and a further 42% indicated that improvements were needed in accuracy, batch tracking, and scoring. Only 8% believed that the current system was effective. Compliance with ePCR protocols was also affected by multiple barriers, with 42% noting time constraints, 33% identifying system complexity, and 17% pointing to variations in practice across different clinicians. This theme captures concerns about both the functionality of the ePCR system and the practical barriers clinicians face using it effectively. Together, these findings suggest both functional and procedural shortcomings that impede effective medication documentation and protocol adherence.
 
4.3.3 Barriers to Routine Checks and Stock Oversight
Another prominent theme identified was the difficulty in maintaining routine stock oversight, with time constraints and outdated resources presenting key barriers to effective practice. Routine stock oversight, particularly laminate list checks, highlighted several challenges. Time pressure was noted by 75% of respondents as the primary obstacle, making it difficult for staff to consistently carry out checks. Additionally, 25% attributed the issue to low levels of staff engagement, while 17% noted that the use of outdated or inaccurate materials, such as the laminates that were not filled out at the start of each shift. These findings suggest that both structural and behavioural factors contribute to inconsistencies in stock monitoring. 

4.3.4 CD Security and Diversion Risk
Concerns around the security and tracking of controlled drugs emerged as another key theme, particularly related to the perceived inadequacy of diversion prevention measures. While 67% expressed minimal concern overall, 33% highlighted the lack of real-time monitoring as a significant risk for potential medication diversion. Notably, 75% of participants felt that the current system does not effectively prevent diversion, while only 17% believed it offers any protective benefit, particularly regarding controlled drugs. These responses suggest a need for enhanced monitoring capabilities and stronger safeguards to address this perceived risk.

4.3.5 Impact on Patient Safety
Views on the impact of the current system on patient safety revealed mixed views on its effectiveness and reliability. 50% of the respondents felt that the system supports patient safety when it is used correctly, suggesting conditional confidence in its design. Meanwhile, 33% believed the system does provide safety benefits, while 17% did not believe it supports patient safety at all. These differing opinions reflect ongoing uncertainty about the system’s reliability and effectiveness in practice.


[bookmark: _Toc197001579]4.4 Datix – LIN Reports
A thematic analysis of historic data recorded in the quarterly LIN reports was conducted using Microsoft Excel to identify recurring medication-related issues. These reports, compiled by the Medicines Management Team, included Datix entries submitted by clinical staff concerning all medication-related incidents such as loss, breakage, expiry, and discrepancies over the last 2 years, 2023 and 2024 - a total of 81 incidents were reported. It is important to note that while incidents were raised, many were resolved promptly, particularly when the loss was accounted for. This was especially evident in cases of breakage, where we had clear visibility into the cause and outcome. However, some incidents remained open and were carried over into the next quarter. These were left pending due to the need for further investigation or updates, which could be delayed when staff were off duty or unavailable for follow-up.
Thematic coding was used to systematically categorise the data into distinct themes based on the nature of each incident. Nine overarching themes emerged: discrepancies, accidental breakage, accidental loss, unaccountable loss, unexplained breakage, expiry date issues, lost drug boxes, poor clinical practice/surplus CD management, and others. Each entry was reviewed, and key descriptors, direct quotes, and specific issues were extracted and coded into these categories. This approach enabled a structured analysis of the types and frequencies of incidents occurring, providing insight into the most common weaknesses in medication handling and tracking. Figure 4.21 illustrates that discrepancies and accidental breakage are the most frequent occurrences, highlighting the need to evaluate current processes and consider a QR code-based tracking system.
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[bookmark: _Toc196997550]Figure ‎4.21 Thematic Categorisation of Medication Incidents Reports for the period 2023-2024

4.4.1 Thematic analysis of adverse incidents reported by clinicians
Table 4.2 summarises the key findings identified in the thematic analysis of the Datix report of CD-related incidents, highlighting recurring issues and their impact on medication handling. These themes reflect various challenges, from discrepancies in documentation to lapses in clinical practices and security. 



[bookmark: _Toc196997593]Table ‎4.2 Thematic Breakdown of Reported Adverse Events Involving Medication 
	Theme 
	Description
	Occurrences
	Direct quotes example
	Actual issue

	Discrepancies
	Discrepancies, mainly due to poor CD documentation, were among the most reported incidents, with 19 cases of incomplete or inaccurate log entries. Other issues included reported or missing ampoules from skipped stock checks. These highlight the need for stronger documentation and routine verification, which a QR code system could largely address.
	25
	"At start of shift one ampoule of morphine noted missing in CD 
safe."
	2 x wrong count
19 x poor accurate record keeping of CD log
2 x stored in wrong location
2 x not carried out stock check

	Accidental breakage
	Accidental breakage was the most reported issue involving Morphine, Ketamine, and Midazolam, mostly from ampoules falling during stock checks or handling. This suggests a need for better storage and handling to reduce damage and waste.
	28
	"During stock-check, the tray containing the morphine slipped out of ****'s hand and onto the floor, breaking one of the ampoules."
	24 x broken ampoule Morphine
3 x broken ampoule Ketamine
1 x broken ampoule Midazolam

	Accidental loss
	Accidental loss, though less frequent, involved CD lost during preparation due to syringe misfire or mishandling. While some loss is unavoidable in emergency, time-critical settings, this highlights the need for better clinical training, secure preparation environments, and adaptable safety measures to support staff in the field. 
	3
	"Whilst drawing up Morphine sulphate accidentally pressed the syringe plunger and squirted the morphine from syringe onto floor."
	2 x squirted onto the floor accidentally
1 x pulled the plunger out with Morphine going on the floor

	Unaccountable loss
	In total, 4 instances where CD was missing without a clear explanation were reported in the Datix document. In two of the cases, this was linked to failure to complete CD stock checks during shifts, while the remaining two involved entire ampoules missing from the safe. These types of losses raise concerns around compliance with standard operating procedures and suggest that real-time medication tracking could improve visibility and control.
	4
	"During CD stock check on EA it was found that there was a box of 10 ampoules of morphine sulphate unaccounted for."
	2 x not completing CD stock checks during shift
2 x missing ampoule of morphine

	Unexplained breakage
	Unexplained breakage cases involved damage to ampoules during routine checks, without any record of how the breakage occurred. One example included a Morphine vial broken inside a CD safe without a protective casing, indicating a storage issue. These incidents highlight documentation or reporting gaps and the need for transparent incident recording and potentially improved protective packaging for ampoules.
	2
	"On Recording the contents of the Morphine, 1 x Morphine 10Mmg Vial found damaged in the safe. No protective plastic box in the safe. Damaged ampoule disposed in sharps box and CD02 book updated to reflect stock level. New plastic case sourced for CD safe"
	1 x Morphine ampoule found broken in box
1 x Midazolam ampoule found broken in box

	Expiry date
	4 occurrences were reported where CD was discovered to be past their expiry date during clinical preparations. One notable case involved a full, unopened box that had expired but was still present in circulation, likely due to it being overlooked during the decommissioning of a vehicle. These occurrences highlight the risks associated with stock rotation and underline the importance of expiry date monitoring systems.
	4
	"Whilst preparing Morphine it was noticed the expiry date had expired at end 02/2023. This was an unopened box, removed from Omnicell on 03/04/2023. Investigation concluded that box had likely been removed from decommissioned vehicle and secured in Omnicell."
	4 x out of date morphine box

	Lost drug box
	Only one report fell under this theme, involving a drug case being inadvertently left at the scene of an incident. The incident highlights a critical lapse in clinician accountability. This case highlights the importance of personal responsibility in safeguarding medication during on-scene operations to prevent potential misuse or loss.
	1
	"Drugs box reported missing off by day staff - not noticed by crew. Drugs box last seen in address given above. Drugs box not required or used for the remainder of shift."
	Left drugs box at scene of incident

	Poor clinical practice / Management of surplus CD
	This theme captured 7 occurrences, including pre-marked syringes as Morphine left on vehicles, administration of expired drugs, and improper disposal of unused medication. These practices not only pose a patient safety risk but also breach CD protocols, suggesting the need for better clinician awareness around surplus CD management and documentation standards.
	7
	"While checking vehicle IV preparation draw 10ml syringe marked up as morphine with 7.5ml of content remaining in it and a 5ml syringe with 2ml of liquid in it ? flush but not 
marked."
	2 x syringes marked up as morphine found on vehicle with content remaining
2 x not disposing of unused drugs on vehicle after incident
2 x administration of out-of-date morphine
1 x disposal error - looked at wrong date

	Isolated incidents
	This theme had 7 occurrences, including lost CD keys, unauthorised medication possession, dispatch errors, and missing end-of-life meds. These highlight systemic vulnerabilities in medication handling and security, underscoring the need for an auditable tracking system.
	7
	"Lost morphine key whilst on shift. Unable to find it. Key disabled and new key issued."
	1 x unauthorised possession by volunteer responses
3 x Morphine Abloy key missing
1 x lost CD book
1 x patient's end-of-life medication - some missing
1 x dispatch error of CD




[bookmark: _Toc197001580]4.5 Summary of Findings
The survey showed widespread dissatisfaction with current medication tracking, citing missing drugs, poor traceability post-Omnicell, and weak wastage monitoring. Most respondents supported a QR code system to improve traceability and streamline documentation. 
Thematic analysis revealed persistent issues: inconsistent ePCR use, stock control gaps, and systemic barriers like time pressure and complexity. While some felt existing systems can enable safe practice, overall confidence was low, highlighting the need for standardisation, simplicity, and stronger accountability. 
Datix-LIN reports reinforce the value of QR tracking to cut wastage, improve audits, and reduce retrospective investigations. However, while technology enhances oversight, human error remains, making continuous training and best practice reinforcement crucial.

[bookmark: _Toc197001581]Chapter 5: Discussion

[bookmark: _Toc197001582]5.1 Introduction
This study assessed the feasibility and potential impact of implementing a QR code-based medication tracking system within WAST, with a focus on mitigating medication diversion, wastage, and financial loss. the study identified significant vulnerabilities in the current tracking process, particularly relating to controlled drugs. Issues such as inconsistencies, missing documentation, and poor traceability were common issues raised through staff surveys and incident reports, reflecting a broader lack of confidence in the existing system. These concerns highlight the operational risks associated with continued reliance on manual documentation methods, which are prone to errors and inefficiencies. 
Further compounding these challenges were variations in practice, limited interoperability between digital platforms, and barriers to consistent use of the current systems. As Bai et al. (2025) observed, manual tracking systems are often hindered by inconsistent documentation, poor traceability, and limited integration. In the context of WAST, these issues were especially evident in the integration between systems such as ePCR and Omnicell, which further undermined the reliability of medication tracking. 
Stakeholder feedback, presented in the results, revealed strong support for the adoption of digital solutions that would minimise administrative burden and enhance transparency without disrupting clinical care. This expectation is consistent with findings in the existing literature, such as those by (Panda and Satapathy, 2024), who highlighted the potential of digital tools to streamline workflows while maintaining clinical effectiveness. The proposed QR code system was viewed favourably for its potential to enhance real-time traceability, prevent medication diversion, and support patient safety during high-pressure EMS incidents.

[bookmark: _Toc197001583]5.2 Interpretation of Results in the Context of the Literature
The vulnerabilities of WAST’s current documentation practices, particularly regarding controlled drugs, are consistent with the findings of Yeoh et al. (2024), who identified significant risks in medication tracking within healthcare settings. Similarly, De Vries et al. (2019) also emphasised critical points of failure that increase the likelihood of diversion when documentation is weak. QR code tracking presents an opportunity to close these accountability gaps, provided rigorous scanning processes are adhered to consistently.
The effectiveness of digital medication management systems is well supported in the literature. Mulac et al. (2021) demonstrated that technologies such as BCMA and eMAR systems enhance medication safety and streamline operational workflows, reinforcing the rationale for QR technology in prehospital EMS settings. In line with this, WAST staff expressed concern about the reliability of current tracking methods. Clinicians reported issues such as missing or unaccounted for medications following removal from Omnicell, most notably for items outside of CD, suggesting significant gaps in the current system’s ability to capture and track medications accurately and advocating for digital tools to strengthen medication safety, traceability, and efficiency. 
Hagiwara et al. (2019) highlighted the unpredictable nature of prehospital environments and the resulting vulnerabilities of traditional documentation systems in these settings. WAST staff echoes these concerns, with several respondents reporting delays or inconsistencies in recording medication use, either due to time-critical high-pressure incidents or environmental constraints. These findings emphasise the need for a real-time digital solution that can effectively support medication tracking in such dynamic environments. In fact, Walker et al. (2019) found that approximately 12.76% of prehospital drug administrations involved errors, with a significant portion attributed to environmental factors. Implementing a QR system could mitigate these risks by capturing data in real time and embedding accountability into the workflows. 
The FITT framework by Ammenwerth et al.'s (2006) emphasises the importance of aligning digital systems with task complexity, user needs, and technical capacity. Feedback from WAST staff supports this, with a clear need for seamless system integration into existing workflows and ease of use. Table 5.1 presents a summary of FITT analysis, illustrating areas of strong alignment as well as considerations requiring further support, such as individual digital literacy and system interoperability.


[bookmark: _Toc196997594]Table ‎5.1 Summary of FITT Framework Alignment for QR Code Implementation

	FITT Element

	Alignment Level
	Description

	Task Fit
	[image: Harvey Balls 100% with solid fill]
	Streamlines workflows, supports real-time documentation, and reduces manual entry.

	Individual Fit
	[image: Harvey Balls 50% with solid fill]
	Varies by user - depends on digital literacy and confidence. Requires structured training.

	Technology Fit
	[image: Harvey Balls 50% with solid fill] to [image: Harvey Balls 100% with solid fill]
	Growing integration with Omnicell and ePCR, full interoperability is still in development.



The analysis highlights strong alignment in areas such as workflow integration, but it also points to challenges, particularly in terms of individual digital literacy and the ongoing development of system interoperability. These points provide a clearer overview of strengths and limitations in the potential QR code implementation strategy and will help guide future system development and adoption plans, ensuring that the solution is both technically viable and well-received by users.
The study also found that clinicians were more likely to engage with digital tools that required minimal disruption and offered tangible improvements in safety and documentation. These findings align with the TAM developed by Davis et al. (1989), which underscores the importance of perceived usefulness and ease of use as key factors influencing the adoption of new technologies. Furthermore, Venkatesh and Davis (2000) expanded on the TAM model, highlighting the role of leadership endorsement and social influence in shaping technology acceptance among staff. These principles align closely with the operational realities facing WAST, where clinicians expressed willingness to adopt QR tracking provided it was easy to use, integrated into workflows, and beneficial to patient safety and documentation quality. This further supports the relevance of TAM in explaining the factors influencing technology adoption in healthcare environments.
Ethical concerns surrounding digital surveillance and data protection were raised by Price and Cohen (2019), who emphasised the importance of transparency and trust when introducing tracking systems. These concerns were echoed by WAST staff, who expressed apprehension about staff monitoring, data security, and how scanned information might be used or audited, indicating the need for clear communication and reassurance during implementation. These responses underline the necessity for clear communication and reassurance during implementation to maintain trust and transparency.
Technical concerns also emerged, particularly around the reliability of internet connectivity in mobile healthcare environments.  Othman et al. (2024) discussed the operational risks posed by unreliable internet connectivity in mobile healthcare environments, which could disrupt real-time scanning processes. Majumdar et al. (2025) further reinforced this point by highlighting the need for a robust technical infrastructure to ensure system resilience. To mitigate these risks, it is crucial to develop contingency plans, such as offline capabilities or enhanced mobile network support, to ensure uninterrupted functionality during critical moments.

[bookmark: _Toc197001584]5.3 Addressing Challenges and Barriers
Despite the potential benefits, several challenges to QR code implementation were identified that could hinder its successful implementation. Technical barriers, such as intermittent mobile connectivity, system delays, and a lack of integration between systems, were common themes in clinician feedback. These issues directly impede effective tracking and raise concerns about data reliability, making it difficult to trust the system in real-time operations.
Human factors present a persistent challenge. The effectiveness of the QR code system ultimately relies on clinician compliance with scanning protocols. As Dekker (2013) argued, while technology can support compliance, it does not eliminate human behavioural variability. If clinicians perceive QR scanning as cumbersome or disruptive, they may be tempted to bypass protocols. This concern is echoed by results from the study, where clinicians reported frequently delaying documentation or reverting to informal methods, such as recording details on gloves or paper, due to time pressures, unclear expectations, or limitations in current systems. These behaviours reflect a broader pattern of policy deviation, where digital tools fail to align with operational realities, reinforcing the need for user-friendly, workflow-integrated solutions that minimise disruption during high-pressure scenarios. As Boonstra et al. (2021) observed, healthcare staff often develop informal workarounds when digital systems are perceived as misaligned with clinical practices. Similarly, Tucker and Edmondson (2003)  found that perceived operational barriers often lead to the creation of unofficial practices that deviate from intended processes.
Operational barriers were also prominent. Clinicians reported variation in practice, time constraints, and difficulties accessing or updating records in real-time. These findings mirror Berger et al.'s (2024) argument that poor integration can increase frustration and resistance to use. Similarly, Nikou et al. (2022) cautioned that over-reliance on digital systems could weaken manual checks if the system is not implemented with care.
Moreover, data from Datix reports revealed repeated incidents of discrepancies, unaccounted losses, and missing or incorrectly handled medications, especially during shift changes or busy periods. These findings emphasise the need for a robust, auditable digital solution that is well integrated into WAST’s workflows. Such a system could address the operational issues mentioned, ensuring that data discrepancies are minimised and adherence to protocols is maintained, thus overall accountability and patient safety.

[bookmark: _Toc197001585]5.4 Human Factors and Policy Deviation
Despite the adoption of technological solutions, such as QR tracking, this study found that human behaviour remains a critical determinant of system effectiveness. Even the most advanced technologies depend on clinician compliance to ensure effectiveness. Dekker (2013) described how technology shifts, rather than removes, the point of required compliance. In the context of QR tracking, the act of scanning becomes the critical compliance point. In WAST, this was evident in both survey and Datix data, which showed that staff often postponed scanning data entry due to workflow pressures, leading to policy deviation.
These deviations were not solely due to negligence but were often workarounds developed in response to system limitations, unclear protocols, or time-critical situations. This is consistent with Boonstra et al. (2021) findings that perceived system misalignment can drive informal practices. As already noted, documentation was sometimes delayed until hospital arrival, bypassing formal systems entirely. These behaviours pose significant risks to data integrity and patient safety.
Tucker and Edmondson (2003) argue that policy deviation in healthcare is often a symptom of system misfit rather than individual failure. The results of this study support that view, highlighting the importance of designing systems that are intuitive, integrated, and supported by clear guidance and organisational buy-in. Without these supports, even well-intentioned staff may disengage from the intended process, undermining the system’s intended safety and accountability benefits.

[bookmark: _Toc197001586]5.5 Lessons Learned and Future Implications
This study revealed several important insights that can guide the effective implementation of a QR code-based medication tracking system. First, successful digital implementation must be recognised as a sociotechnical challenge. Ammenwerth et al. (2006) emphasised that adoption is most effective when technology is tailored to the needs of users, embedded within clinical workflows, and aligned with organisational structures. 
Engaging stakeholders, particularly clinicians, during the design and evaluation stages would prove essential in identifying operational barriers and aligning expectations. Training must extend beyond system usage to highlight the broader benefits for patient safety, error reduction, and documentation accuracy.
Strengthening traceability, particularly in the handling of controlled drugs, remains a key driver for digital transformation. Previous findings have demonstrated how weak oversight contributes to medication diversion risks. By embedding QR code scanning into documentation processes, WAST can close critical accountability gaps, as long as adherence to scanning protocols is maintained.
Integrating QR scanning into routine clinical activities, such as medication administration and shift handovers, can help normalise usage and promote consistency. Future priorities should focus on achieving seamless integration with existing systems such as Omnicell and ePCR, addressing mobile connectivity limitations, and ensuring reliable offline capabilities to support continuity in mobile environments.
Further research could explore the long-term impacts of QR code usage on medication errors, staff engagement, and cost savings related to reduced wastage and diversion. A structured framework for monitoring, feedback, and iterative system refinement will be essential to ensure the technology remains responsive to evolving clinical needs.
In summary, while QR code-based tracking is not a complete solution, it marks a substantial step forward in strengthening medication safety, traceability, and documentation in prehospital care. Its effectiveness will depend on consistent use, system integration, and a culture that supports accountability and operational excellence.
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[bookmark: _Toc197001588]6.1 Conclusion
This study set out to explore the feasibility of implementing a QR code-based medication tracking system within WAST, with a focus on enhancing medication governance. Drawing from a comprehensive analysis of the literature, staff surveys, qualitative analysis, and a review of Datix and LIN incident data, the study examined how QR code integration could address challenges around traceability, diversion, wastage and documentation.
This study successfully achieved its primary aim by demonstrating that QR code technology offers a viable solution to many of WAST’s existing vulnerabilities. Manual systems were found to be prone to be prone to inconsistencies, with reports of missing medications, lack of integration between ePCR and Omnicell, and a reliance on memory-based or delayed documentation. These operational weaknesses were echoed across both clinicians’ feedback and incident reporting. The literature and stakeholder input consistently supported the use of QR technology to improve accuracy, reduce errors, and enable real-time audit trails.
QR code integration was viewed favourably by staff, particularly when it aligned with routine workflows, such as medication administration and shift handovers. Staff recognised this integration as a means of improving accountability, linking medication use directly to patient records, and enhancing operational transparency. In line with the TAM, clinicians expressed willingness to adopt the system if it proved intuitive, clinically relevant, and well supported.
The study also addressed broader organisational and behavioural influences. Barriers such as digital literacy, time pressures, and policy deviations emerged as factors that could undermine system effectiveness if not proactively managed. Ethical concerns around data protection, surveillance, and staff privacy reinforced the importance of clear communication, GDPR compliance, and ethical system design that maintains trust and transparency.
While this study advocates for real-time tracking, it also acknowledges the operational realities faced by frontline clinicians. In time-critical incidents, where patient care rightly takes precedence, it is understood that medication scanning may not always occur immediately. In such scenarios, documentation should be completed retrospectively, as soon as practically possible, to maintain accountability without compromising patient outcomes.
All research objectives and questions were addressed, showing that QR code technology could directly improve traceability, reduce medication waste, and support financial savings. Importantly, the study acknowledged that technology alone cannot overcome systemic challenges. Success depends on thoughtful implementation, user engagement, and an enabling organisational culture.

[bookmark: _Toc197001589]6.2 Recommendations: Applying the FITT Framework in Implementation
Should WAST proceed with QR code implementation, it is recommended that the FITT framework (Ammenwerth et al., 2006) be used throughout both the development and deployment phases to ensure alignment across three key dimensions: clinical tasks, individual capabilities, and technological infrastructure (Table 6.1). 

[bookmark: _Toc196997595]Table ‎6.1 Application of the FITT Framework to Guide QR Code Implementation
	FITT Element
	Focus Area
	Implementation Strategy

	Task Fit
	Workflow Integration
	Embed scanning into standard tasks to streamline operations and ensure real-time documentation

	Individual Fit
	Training and Staff Engagement
	Provide structured training tailored to digital literacy levels, highlighting benefits for safety, efficiency, and compliance

	Technology Fit
	System Integration
	Ensure interoperability with ePCR and Omnicell, and include offline functionality to mitigate connectivity issues


Implementing the FITT framework iteratively will enable WAST to adapt the system in response to real-world use, build clinician confidence, and reduce resistance to change.
In addition to the FITT framework, the following practical recommendations are proposed (Table 6.2):
[bookmark: _Toc196997596]Table ‎6.2 Recommendations for Implementing QR Code Tracking
	Main Theme
	Recommendation
	Description

	Implementation Strategy
	Phased Pilot Rollout
	Begin with small-scale pilots at selected EMS sites/grades to test functionality, collect feedback, and refine processes

	
	Structured Training and Support
	Develop standardised, mandatory training programmes covering scanning protocols, data security, and offline procedures

	Change Management
	Leadership and Change Management
	Ensure visible leadership support and appoint system champions to promote engagement and adoption at the team level

	Technical Requirements
	Technical Robustness
	Prioritise offline functionality and system stability to ensure usability during mobile operations and in low-signal areas

	
	System Integration
	Seamlessly embed QR tracking into existing systems such as ePCR and Omnicell to reduce duplication and streamline workflows

	Evaluation and Monitoring
	Monitoring and Evaluation
	Use KPIs to track system usage, error rates, stock discrepancies, and user feedback, supporting iterative improvement

	Governance and Ethics
	Ethical Oversight
	Establish clear data policies that comply with GDPR and NHS standards, protecting both staff privacy and patient data



[bookmark: _Toc197001590]6.3 Final Considerations and Future Research
To assess the long-term success of the QR code system, WAST should conduct post-implementation evaluations using the same baseline metrics established in this study. A comparative analysis of Datix trends, documentation accuracy, and staff confidence can quantify system impact over time. Continued feedback through audits and user reviews will help maintain accountability and support system evolution.
Further research should explore:
· The sustained impact of QR code tracking on diversion, wastage, and financial outcomes.
· Staff adaptation and perceptions over time following implementation.
· Comparative analysis of QR codes against alternative digital tracking technologies (e.g., RFID, AI-enabled platforms) in EMS settings.
By addressing these factors, WAST can become a leading example in digital medication safety, setting a benchmark for operational resilience and improved patient care.
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Questionnaire for ePCR Key Stakeholders

1. Which Health Board area do you work in? 
Aneurin Bevan University Health Board
Betsi Cadwaladr University Health Board
Cardiff & Vale University Health Board
Cwm Taf Morgannwg University Health Board
Hywel Dda University Health Board
Powys Teaching Health Board
Swansea Bay University Health Board

Confidence in Current Medication Tracking

2. How confident are you in WAST’s current process for tracking medications after they are withdrawn from Omnicell?
Extremely confident
Somewhat confident
Neutral
Somewhat not confident
Extremely not confident
3. What specific challenges or gaps do you see in the current system?
Enter your answer


Medication Accountability & Stock Management

4. What barriers might prevent clinicians from thoroughly checking drug cases against the laminate list?
Enter your answer

5. How often do issues arise with missing or unaccounted medications after removal from Omnicell?
Never
Rarely
Sometimes
Often
Always

Controlled Drugs (CD) & Security

6. How effective is the current process in preventing the loss or mismanagement of controlled drugs once signed into the CD safe?
Very effective
Somewhat effective
Neither effective nor ineffective
Somewhat ineffective
Very ineffective
7. Do you have any concerns about how controlled drugs are tracked and secured?
Enter your answer

Documentation & Compliance

8. From your perspective, how effectively are clinicians documenting drug administrations in the correct section of the ePCR?
Enter your answer

9. What challenges have you observed or received feedback on regarding compliance with the correct documentation process?
Enter your answer


Impact on Patient Safety & Medication Governance

10. Does the current method of recording medicine use sufficiently support patient safety? 
Enter your answer

11. How well does the system track medication administration to ensure continuity of care?
Very Poorly
Poorly
Neutral
Well
Not Very Well

Medication Diversion, Misuse & Wastage

12. In your opinion, does the current system effectively prevent medication diversion or misuse? 
Enter your answer

13. How well does the system monitor and manage medication wastage once drugs are removed from Omnicell? 
Extremely well
Somewhat well
Neutral
Somewhat not well
Extremely not well
14. Are there any inefficiencies that lead to avoidable medication wastage? 
Enter your answer
Exploring System Enhancements

15. Do you believe a QR code system could improve the accuracy and reliability of medication tracking?
Yes
No
Maybe
16. What benefits or challenges do you foresee with implementing such a system?
Enter your answer

17. Are there alternative systems that you think would be more effective?
Enter your answer


Access to Medication Tracking Data

18. How important is real-time medication tracking data for clinicians and management after withdrawal from Omnicell?
Extremely important
Somewhat important
Neutral
Somewhat not important
Extremely not important
19. How could improved access to tracking data enhance decision-making and patient care?
Enter your answer

Support for System Improvements

20. Would you support introducing a QR code system to enhance medication tracking?
Enter your answer

21. What factors would be critical in ensuring successful adoption by staff?
Enter your answer

Additional Thoughts

22. Is there anything else you’d like to share?
Please use this space to highlight any concerns, insights, or key points that may not have been covered.
Enter your answer

Thank you for taking the time to complete this questionnaire. Your insights and feedback are invaluable in helping to explore improvements in medication tracking within WAST. Your participation is greatly appreciated, if you have any further thoughts or questions, please feel free to contact me.
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MS Form Survey for Senior Paramedics

"Once withdrawn from Omnicell, how will the integration of a QR code-based system enhance medication tracking within WAST, and what are the impacts on medication diversion, wastage, and financial loss?"

Dear Senior Paramedics,

I am conducting a Service Evaluation on introducing a QR code-based medication tracking system, titled "From Medicines Cabinet To Patient: Does the Use of QR Codes Enhance the Tracking of Medicines?"

This title highlights the focus on tracking medicines once signed out of Omnicell, where usage becomes less transparent. The purpose of this evaluation is to explore how a QR code system could be integrated with the Electronic Patient Clinical Record (ePCR) application to enhance medication tracking, improve accuracy, and address inefficiencies while reducing risks.

The complexities of working in the pre-hospital setting are acknowledged. For non-life-threatening cases, scanning the QR code when the package is opened may be practical. In life-threatening situations, retaining the pack until the end of the incident and scanning the QR code before closing the record could be a feasible approach. If the QR code is not scanned, the ePCR system will still enable traceability by tracking drug administration, offering opportunities to review and enhance clinical documentation to support compliance and maintain patient safety.

Your input is invaluable, and I kindly ask for a few minutes of your time to complete this survey. Your responses will provide critical insights into the current system and potential areas for improvement which will remain anonymous and confidential. You will not be asked for any personal information, and your responses cannot be traced back to you. Data will only be used for this research project and stored securely in line with data protection regulations.

After completing the survey, please remember to press ‘Submit’ to ensure your responses are recorded. Once submitted, you will not be able to withdraw from the study later, as all responses are anonymised.

Diolch yn fawr / Thank you

Before starting the survey, please provide the information requested below.
This section ensures demographic data is collected respectfully and with consent. The information can help contextualise responses and support data analysis.

1. Age Group: 
Under 25
25-34
35-44
45-54
55-64
65+
2. Have you read and understood the information provided in this participant information sheet?
Yes
No
3. Do you consent to participate in this survey and understand that responses will remain confidential and used only for the purposes of this study? 
Yes
No
4. Which of the following best describes your gender?
Male
Female
Non-binary
Prefer not to say
5. Which of the following best describes your ethnicity?
White
Mixed / Multiple ethnic groups
Asian / Asian Welsh / Asian British
Black /Black Welsh / Black British / Caribbean /African
Other ethnic group
Prefer not to say
6. Which Health Board do you work in?
Aneurin Bevan University Health Board
Betsi Cadwaladr University Health Board
Cardiff & Vale University Health Board
Cwm Taf Morgannwg University Health Board
Hywel Dda University Health Board
Powys Teaching Health Board
Swansea Bay University Health Board

Survey Questions
How do you feel about the current system from Omnicell, to tracking, to disposal?

7. How confident are you in the current process of tracking medications after they are withdrawn from the Omnicell?
Very confident
Somewhat confident
Neutral
Not very confident
Not confident at all
8. How often do you check the contents of a drug case to be reflective of the items listed on the laminate?
Never
Rarely
Sometimes
Often
Always
9. With the exception of Morphine, how often do you encounter missing or unaccounted medicines once they are removed from Omnicell?
Never
Rarely
Sometimes
Often
Always
10. Once signed into the CD safe, how often do you encounter missing Morphine?
Never
Rarely
Sometimes
Often
Always
11. Are you aware that all drug administrations should be recorded in the Drugs section of ePCR rather than in the Clinical Narrative?
Yes
No
12. Do you feel that the current method of recording medicine use sufficiently supports patient safety, especially in tracking medication administration and the care provided? 
Strongly agree
Agree
Neutral
Disagree
Strongly disagree
13. Do you feel the current system adequately prevents medication diversion or misuse?
Yes
No
14. Once withdrawn from the Omnicell, how would you rate the current system's ability to monitor medication wastage?
Excellent
Good
Fair
Poor
Very poor
15. Do you believe a QR code system could improve the accuracy and reliability of medication tracking?
Strongly agree
Agree
Neutral
Disagree
Strongly disagree
16. How important do you think it is to have access to medication tracking data following withdrawal from the Omnicell?
Extremely important
Very important
Somewhat important
Not very important
Not important at all
17. Do you think using QR codes to pre-populate elements of drug administration within ePCR would improve compliance with medication documentation? 
Yes
No
18. Would you support the introduction of a QR code system to enhance medication tracking?
Strongly support
Support
Neutral
Oppose
Strongly oppose

Submission Details

Please remember to press ‘Submit’ to ensure your responses are recorded.
Your responses are anonymous and will be used solely for the purpose of this dissertation.
Diolch yn fawr / Thank you
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Survey Participant Information Sheet
Make your voice count – “From Medicines Cabinet to Patient: Does the Use of QR Codes Enhance the Tracking System”
Before deciding whether to participate, please take the time to read the following information to understand the purpose of the research and what your involvement would entail.
You are invited to participate in the above service evaluation study, exploring how a QR code-based system could enhance medication tracking after withdrawal from Omnicell, reduce wastage, and improve overall safety.
Purpose of the study:
The study will aim to evaluate the potential benefits of integrating a QR code system with the Electronic Patient Clinical Record (ePCR), specifically to:
· Improve medication tracking and reduce errors.
· Identify expired drugs and manage recalls.
· Prevent medication diversion and financial losses.
The complexities of working in the pre-hospital setting are acknowledged. For non-life-threatening cases, scanning the QR code when the package is opened may be practical. In life-threatening situations, retaining the pack until the end of the incident and scanning the QR code before closing the record could be a feasible approach. If the QR code is not scanned, the ePCR system will still enable traceability by tracking drug administration, offering opportunities to review and enhance clinical documentation to support compliance and maintain patient safety.
Why participate: You’ve been invited because you work for WAST in a Senior Paramedic role, and your insights can help shape the development of this system. To participate, you must be currently employed by WAST in a Senior Paramedic role. Participation is voluntary. You can withdraw at any time before submitting your survey.
What’s involved: You are kindly asked to complete a short survey that is entirely anonymous. The survey is designed to gather insights into medication management practices and will take approximately 5 minutes to complete.
How will my information be used: Your responses will remain anonymous and confidential. You will not be asked for any personal information, and your responses cannot be traced back to you. Data will only be used for this research project and stored securely in line with data protection regulations.
Contact: For questions, contact Ffion Timmins via email: ffion.timmins@wales.nhs.uk
Your participation will help identify practical solutions to improve medication tracking and safety.
Diolch yn fawr / Thank you
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APPLICATION FOR ETHICAL APPROVAL
ADAPTED FOR MSC DIGITAL TRANSFORMATION DISSERTATIONS


	STUDENTS should submit this form (and receive the outcome) via systems explained to you by the supervisor/module leader.




In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  

SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Ffion Wyn Timmins

	2
	Tick all boxes that apply:
	Member of staff:
	☐
	Honorary research fellow:
	☐

	
	Undergraduate Student
	☐	Taught Postgraduate Student
	☐	Postgraduate Research Student
	☒


	3
	Institute/Academic Discipline/Centre:
	IMH


	4
	Campus:
	Distance learning


	5
	E-mail address:
	2212656@student.uwtsd.ac.uk


	6
	Contact Telephone Number:
	07712 895032


	
	For students:

	7
	Student Number:
	2212656

	8
	Programme of Study:
	MSc Digital Transformation for the Health & Care Professions

	9
	Director of Studies/Supervisor:
	Dr L Simona Ferraraccio, Lecturer in Health and Care Informatics,
Institute of Management and Health, University of Wales Trinity Saint David








SECTION B: Approval for Research Activity
	1
	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒	NO
	☐
	
	
	Date

	2
	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	☐	N/A

	
	
	Institute Research Committee
	☐	N/A

	
	
	BMDS7010 Data Analytics

	☒	24.05.2024



SECTION C:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, location-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.

	1
	UWTSD Research Ethics & Integrity Code of Practice
	☒
	2
	UWTSD Research Data Management Policy
	☒

	3
	[List any other relevant documents here]
	☐



SECTION D: External Collaborative Research Activity
If there are external collaborators then you should gain consent from the contact persons to share their personal data with the university. If there are no external collaborators then leave this section blank and continue to section E.
	1
	Institution
	Terrafix Ltd


	2
	Contact person name
	Chris Green – Managing Director


	3
	Contact person e-mail address

	cgg@terrafix.co.uk

	4
	Is your research externally funded?
	YES
	☐
	NO
	☒

	5
	Are you in receipt of a KESS scholarship?
	YES
	☐
	NO
	☒

	6
	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	☐
	NO
	☒

	7
	
	Employed
	YES
	☐
	NO
	☒

	8
	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)?
	If YES then the permission question below does not need to be answered.
	YES
	☐
	NO
	☒

	9
	Has permission to undertake the research has been provided by the partner organisation?
	(If YES attach copy)
If NO the application cannot continue
	YES
	☒
	NO
	☐






Where research activity is carried out in collaboration with an external organisation
	10
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☒

	
	
If Yes, please attach a copy of any final approval (or interim approval) from the organisation (this may be a copy of an email if appropriate).




SECTION E: Details of Research Activity
	1
	Indicative title:
	Enhancing Pharmaceutical Tracking and Management in WAST through QR Code Integration: A Case Study

	2
	Proposed start date:
	September 2024
	Proposed end date:
	May 2025

	
	Introduction to the Research (maximum 300 words per section)
Ensure that you write for a Non-Specialist Audience when outlining your response to the points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	3
	Purpose of Research Activity

Following the implementation of the Electronic Patient Clinical Record (ePCR), the system has the potential to serve as a multifaceted tool for healthcare delivery, optimising the use of data analytics, machine learning, and artificial intelligence, which in turn would enhance and transform WAST’s emergency medical services.

WAST provides vital emergency medical care to the people of Wales, however, there are gaps in knowledge around medicine management due to the current inadequate system and practices in place that has created significant challenges in effectively managing medication usage. Without a proper mechanism to track medications, stakeholders and consumers face significant challenges, including coordination, inventory management, reliance on human resources, order management, stock management, and tracking medicine expiration dates. Furthermore, stakeholders struggle to analyse demand accurately, making it difficult to optimise production and storage.
There is a potential for a digital solution to be implemented and incorporated with the ePCR application as an effective tracking system which will monitor usage, identify expired drugs, help prevent patient harm when medications are recalled by the manufacturer, and identify instances of diversions. 


(this box should expand as you type)

	4
	Research Question
The primary question that will guide my research is: How can the integration of a QR code-based system enhance medication tracking and management within WAST, and what are the impacts on medication diversion, wastage, and financial loss? The research will aim to provide actionable insights into improving medication management practices and ensuring greater efficiency and safety within WAST.


(this box should expand as you type)

	5
	Aims of Research Activity

The primary aim of this project is to explore how the integration of a QR code-based medication tracking system will enhance WAST’s medication management practices. The project will seek to evaluate the impacts of such a system on medication diversion, wastage, and financial loss. Implementing this advanced tracking technology system will enable real-time tracking and monitoring of medication movement through the supply chain, from procurement to administration, and improve medication management practices, ensuring greater efficiency, accountability, and safety within WAST.


(this box should expand as you type)

	6
	Objectives of Research Activity

1. Conduct a comprehensive qualitative assessment to identify specific gaps and challenges in the existing medication management within WAST. This will involve engaging key stakeholders involved in medication handling, reviewing current documentation and tracking methods, and assessing the perceived efficiency and accuracy of medication inventory management through interviews and focus groups.

2. Explore the feasibility of integrating a QR code technology by gathering insights on the technical operational requirements. This will include evaluating available QR code scanning technologies, assessing their compatibility with existing information systems, and identifying potential challenges or barriers through consultations with stakeholders and suppliers. implementation. Additionally, review best practices and case studies from other Ambulance services.

3. Assess the financial implications qualitatively by gathering perceptions from key stakeholders regarding potential cost savings, resource allocation, and the training requirements associated. This will include interviews and discussions with financial and operational staff. 

4. Evaluate the impact of the QR code-based tracking system on accountability and transparency in medication management by collecting qualitative feedback from WAST clinicians. Surveys, interviews, focus groups, and workshops will gather insights into system usability, perceived improvements in accountability, transparency, and medication diversion. 

5. Assess the proposed system’s compliance with regulatory requirements governing medication management and patient safety. Discussions and interviews will help identify how well the system will align with relevant regulations and guidelines and explore strategies to mitigate risks related to medication errors, diversion, and unauthorised access.

6. Evaluate aspects of efficiency gains and user satisfaction resulting from the implementation of the QR code-based tracking system. Feedback will be gathered from WAST clinicians and stakeholders prior to implementation, focusing on anticipated system usability, workflow efficiency, and overall expectations. 

7. Develop strategic recommendations for successful implementation and integration based on qualitative findings. These recommendations will include guidelines for staff training, system maintenance, and continuous improvement, informed by stakeholder feedback and research insights.
(this box should expand as you type)

	
	Proposed methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. You do not need to justify the methods here, but should instead describe how you intend to collect the data necessary for you to complete your project.

	7
	Reports of unaccounted controlled drugs are documented internally on WAST’s web based DATIX system, widely used in healthcare to report incidents and risks. A qualitative analysis of this data will help establish a baseline for medication usage and incidents of loss. Through this analysis, existing issues can be identified, allowing a clearer understanding of losses and how improvements can be measured.

This research will primarily focus on qualitative methods, including collaboration with WAST staff, healthcare professionals from Betsi Cadwaladr University Health Board (BCUHB), partner ambulance services across the UK, and our ePCR suppliers. This approach will include surveys, interviews, and focus group discussions aimed at uncovering key themes and concerns regarding the current system, which will provide a deeper understanding of staff experiences, challenges, and perspectives related to medication tracking, diversion, and wastage.

Engagement with WAST clinicians across various grades will offer valuable insights into current practices, barriers, and opportunities for improvement. The findings will help pinpoint specific challenges to the system the system could address to enhance both safety and efficiency. Additionally, gathering input from a wider range of WAST employees will offer a broader perspective on the service’s experiences and attitudes towards medicine management.

To gather honest and unbiased responses, utilising a third party distributor for surveys will be considered. This approach will ensure anonymity and increase response rates by fostering open feedback.

Collaboration with health board pharmacies will be critical to gaining deeper insights into medication tracking. Pharmacies maintain detailed records of medication dispensing, and tracking the frequency and volume of controlled substances dispensed will help identify any anomalies that may indicate diversion or wastage. Working closely with pharmacists will also ensure the design of the OR based system aligns with regulatory requirements and best practices, therefore enhancing medication management within WAST.

Additionally, learning from the experiences of partner ambulance services in the UK will provide valuable insights. Sharing best practices through comparative analysis will help inform the implementation process and identify common challenges that have been successfully addresses elsewhere.

Engaging with our ePCR suppliers early in the process will be crucial to exploring the feasibility of integrating a QR based medication tracking system. Collaborating with both suppliers and WAST’s ICT team will ensure technical compatibility and assess how well the system integrates with existing infrastructure.



(this box should expand as you type)

	

	Location of research activity
Identify all locations where research activity will take place.

	8
	
The research activity will take place in the following locations:

· Interviews, Focus Groups - WAST premises - HQ or Ambulance Stations, Hospitals
· Online – through email surveys distributed to participants
· Online – communication with ICT / Terrafix suppliers



(this box should expand as you type)

	
	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants. If you live in the country where you will do the research then please state this.

	9
	
N/A

(this box should expand as you type)



	10
	Use of documentation not in the public domain: Are any documents NOT publicly available? 

	NO
	☒

	
	
	YES
	☐

	11
	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with the current data protection law of the country in question and that of England and Wales.



(this box should expand as you type)



	
	Does your research relate to one or more of the seven aims of the Well-being of Future Generations (Wales) Act 2015?
	
YES
	
NO

	12
	A prosperous Wales
	☒
	☐

	13
	A resilient Wales
	☐
	☒

	14
	A healthier Wales
	☒
	☐

	15
	A more equal Wales
	☐
	☒

	16
	A Wales of cohesive communities
	☐
	☒

	17
	A Wales of vibrant culture and thriving Welsh language
	☐
	☒

	18
	A globally responsible Wales
	☒
	☐

	19
	If YES to any of the above, please give details:

	
	
The research has the potential to improve efficiency, safety, and financial sustainability, and support long-term wellbeing goals.

A prosperous Wales: enhancing medication tracking could reduce financial loss and cost effective use of resources, contributing to a more prosperous economy.

A healthier Wales; improved medication management and tracking directly relate to better healthcare delivery. By reducing medication diversion and ensuring accurate tracking, patient safety and wellbeing are enhanced, which will support a better population.

A globally responsible Wales: ensuring ethical and responsible use of medications aligns with global standards for healthcare management and waste reduction, contributing to the goal f being globally responsible in the use of resources and healthcare services.



(this box should expand as you type)





SECTION F: Scope of Research Activity
	
	Will the research activity include:
	YES
	NO

	1
	Use of a questionnaire or similar research instrument?
	☒
	☐

	2
	Use of interviews?
	☒
	☐

	3
	Use of focus groups?
	☒
	☐

	4
	Use of participant diaries? 
	☐
	☒

	5
	Use of video or audio recording?
	☒
	☐

	6
	Use of computer-generated log files?
	☒
	☐

	7
	Participant observation with their knowledge?
	☒
	☐

	8
	Participant observation without their knowledge?
	☐
	☒

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	12
	Investigation of participants involved in illegal activities?
	☐
	☒

	13
	Use of procedures that involve deception?
	☐
	☒

	14
	Administration of any substance, agent or placebo?
	☐
	☒

	15
	Working with live vertebrate animals?
	☐
	☒

	16
	Procedures that may have a negative impact on the environment?
	☐
	☒

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	☒

	
	Details of any other primary data collection method:



(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 



SECTION G: Intended Participants
If there are no participants then do not complete this section, but go directly to section H.

	
	Who are the intended participants:
	
YES
	
NO

	1
	Students or staff at the University?
	☐
	☒

	2
	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	3
	Vulnerable adults?
	☐
	☒

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	5
	Prisoners?
	☐
	☒

	6
	Young offenders?
	☐
	☒

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	8
	People engaged in illegal activities?
	☐
	☒

	9
	Others. Please indicate the participants below, and specifically any group who may be unable to give consent.

	☐
	☒

	
	Details of any other participant groups:



(this box should expand as you type)
	
	



	
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	10
	How many participants are expected?

	Approximately 12 WAST clinicians
BCUHB Pharmacy


(this box should expand as you type)

	11
	Who will the participants be?

	
WAST clinicians and BCUHB Pharmacy

(this box should expand as you type)

	12
	How will you identify the participants?
	
WAST Health Board Clinical Leads

(this box should expand as you type)






	
	Information for participants:
	
YES
	NO
	
N/A

	13
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	14
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	15
	Will you obtain written consent for participation?
	☒
	☐
	☐

	16
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	17
	If the research is observational, will you ask participants for their consent to being observed?
	☐
	☐
	☒

	18
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	19
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☒
	☐
	☐

	20
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	21
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	22
	If NO to any of above questions, please give an explanation 

	
	

(this box should expand as you type)

	24
	Will participants be paid?
	☐
	☒
	☐

	25
	Is specialist electrical or other equipment to be used with participants?
	☐
	☒
	☐

	26
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	27
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	28
	If YES to any question, please provide full details 

	
	


(this box should expand as you type)





SECTION H: Anticipated Risks

	
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	1
	Full risk assessment completed and appended? 
	Yes 
	☒

	
	
	No
	☐

	2
	Risks to participants
For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	
	Risk to participants:

Participants may face risks such as emotional distress when discussing sensitive topics like medication tracking, handling of personal data, or disclosing confidential organisational information. Additionally, there may be concerns about potential professional or reputational impacts if participants worry about the negative repercussions for sharing honest feedback.

(this box should expand as you type)
	How you will mitigate the risk to participants:

Data will be anonymised, stored securely, and only accessible to authorised personnel. Participation will be voluntary, and participants can withdraw at any time. Sessions will be conducted in a neutral, non-clinical setting, with support resources be made available should they be required.


(this box should expand as you type)

	3
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	
If the research involves sensitive or potentially distressing topics, such as medication diversion or misuse, participants will be informed in advance and reminded of their right to withdraw at any time. Consent forms will clearly document that if illegal activity is disclosed, it may need to be reported to the proper authorities.

WAST support resources details will be provided to participants to address any emotional distress. All discussions will be conducted with sensitivity, and confidentiality will be maintained wherever possible within legal boundaries.

(this box should expand as you type)

	4
	Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to the investigator:

May face risks such as emotional stress when discussing sensitive topics, have concerns about personal safety in certain environments, and the possibility of being accused of improper behaviour during interactions with participants. Additionally, there could be conflicts of interest, especially when working with familiar clinicians/organisations.

(this box should expand as you type)
	How you will mitigate the risk to the investigator:

The investigator will maintain professional boundaries, use neutral spaces/locations for interviews, and ensure clear and transparent communication. Informed consent will be obtained from all participants, and a second researcher may be present during interviews to protect both parties from any potential misunderstandings or accusations.

(this box should expand as you type)

	5
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to the University:

Reputational damage, legal issues from data breaches or unreported illegal activity, and financial liability.

(this box should expand as you type)
	How you will mitigate the risk to the University:

Ensure compliance with data protection laws, secure informed consent, maintain confidentiality, and follow clear procedures for handling sensitive disclosures. Regular ethical reviews and transparent communication will also help protect the university’s reputation.

(this box should expand as you type)

	6
	Environmental risks
For example: accidental spillage of pollutants, damage to local ecosystems

	
	Risk to the environment:

Resource waste – excessive paper use or energy consumption, and any potential environmental impact from travel.



(this box should expand as you type)
	How you will mitigate the risk to environment:

Minimising paper usage by relying on digital documents and communication, using energy efficient tools and devices. Reducing travel by conducting remote interviews or meetings if possible, and combining multiple tasks into a single trip to maximise efficiency.

(this box should expand as you type)




	
	Disclosure and Barring Service

	
	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	YES

	NO

	N/A


	7
	Does your research require you to hold a current DBS Certificate?
	☐
	☒
	☐

	8
	If YES, please give the certificate number. If the certificate number is not available please write “Pending”; in this case any ethical approval will be subject to providing the appropriate certificate number.
	





SECTION I: Feedback, Consent and Confidentiality

	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	
Following the completion of the methods used, participants will receive a thorough debrief, which will include a summary of the main findings, insights gained, and any future steps in the research. Feedback will be shared via email or through follow up meetings, this being dependable on availability and participants’ preferences, ensuring they are fully informed about how their input was utilised. The debriefing will occur soon following the data collection as this will allow participants to ask any questions or seek further clarification on the results.

(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	
Before obtaining consent, participants will be fully informed about the details of their involvement. They will receive an information sheet by email outlining the study’s purpose, the nature of their participation, and how their data will be collected, used, stored, and protected in line with data protection regulations and GDPR. Participants will have the opportunity to ask questions or seek clarification before agreeing to take part.

Due to the geographical area of Wales, consent will be obtained through a signed consent form, confirming their involvement, that they agree to participate voluntarily, and that they can withdraw at any time. 

(this box should expand as you type)

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	
Participants' anonymity will be protected by removing all personal details from the research outputs. Each participant will be given an ID number, and no identifying information will appear in reports or presentations. Only the research team will have access to the original data, which will be stored securely.

Confidentiality will be maintained by keeping data in password protected files with limited access. If anonymity can’t be fully agreed, such as in focus groups where participants may recognise each other, this will be explained beforehand, and everyone will be asked to respect each other’s privacy.


(this box should expand as you type)



SECTION J: Data Protection and Storage

	
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	1
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. Any video or audio recordings of participants is considered to be personal data.
	☐
	×

	
	If YES, provide a description of the data and explain why this data needs to be collected:

	2
	


(this box should expand as you type)

	
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	3
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	☐
	×

	
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	4
	
(this box should expand as you type)



	
	
Will data from the research activity (collected data, drafts of the thesis, or materials for publication) be stored in any of the following ways?
	YES
	NO

	5
	Manual files (i.e. in paper form)?
	☒
	☐

	6
	University computers?
	☐
	☒

	7
	Private company computers?
	☒
	☐

	8
	Home or other personal computers?
	☐
	☒

	9
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	10
	“Cloud” storage or websites?
	☐
	☒

	11
	Other – specify:

	☐
	☒

	12
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:

	
	
To ensure data security and confidentiality, several protections will be implemented. Data will be stored on password protected devices, with encryption to block unauthorised access. All personal details will be replaced with ID numbers to anonymize participants. Backup copies will be stored securely on encrypted drives, and only authorised staff will have access, all backups will be both password protected and encrypted to ensure privacy.

(this box should expand as you type)



	
	Data Protection

	
	Will the research activity involve any of the following activities:
	YES
	NO

	13
	Electronic transfer of data in any form?
	☐
	☒

	14
	Sharing of data with others at the University outside of the immediate research team?
	☐
	☒

	15
	Sharing of data with other organisations?
	☐
	☒

	16
	Export of data outside the UK or importing of data from outside the UK?
	☐
	☒

	17
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	18
	Publication of data that might allow identification of individuals?
	☐
	☒

	19
	Use of data management system?
	☐
	☒

	20
	Data archiving?
	☐
	☒

	21
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and Data Protection Act (2018) (and any international equivalents, where appropriate):

	
	


(this box should expand as you type)

	22
	List all who will have access to the data generated by the research activity:

	
	


(this box should expand as you type)

	23
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	


(this box should expand as you type)

	24
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	
	


(this box should expand as you type)

	25
	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff) 

	
	


(this box should expand as you type)

	26
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	YES
	☒

	27
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	☒




SECTION K: Declaration
	
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	1
	Signature of applicant:
	Ffion W Timmins
	Date: 25.10.2024




For STUDENT Submissions:
	2
	Director of Studies/Supervisor:
	
	Date:

	3
	Signature:
	

	



For STAFF Submissions:
	4
	Academic Director/ Assistant Dean:
	
	Date:

	5
	Signature:
	

	





Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☐
	I have read the guidance notes supplied before completing the form.

	☐
	I have completed ALL RELEVANT sections of the form in full.

	☐
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	I have attached a full risk assessment (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	☐
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☐
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be approved by the Supervisor and the Programme Director.



	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit this form (and receive the outcome) via systems explained to you by the supervisor/module leader.







[bookmark: _Toc197001597]Appendix E: Supplementary data

Over a period of 58 days, 64% completed the survey, taking an average of five minutes to respond. The respondent group consisted of WAST SPs working across various health boards in Wales, representing a range of experience levels.
The majority of survey responses were collected from individuals aged 35-44 and 45-54, each group making up 37% of total respondents. This indicates that over 74% are mid-career, suggesting a strong representation of experienced clinicians. Smaller proportions came from the 25-34 and 55-64 age groups, each accounting for 13%, while there were no responses from those under 25 or over 65 (Fig. 1). This suggests that the feedback gathered is likely from individuals with significant operational and clinical experience. However, it is important to note that age alone does not guarantee the length of service, as some respondents may have joined WAST at a later stage in life. Even so, the fact that all respondents hold SP roles suggests that they have likely spent a significant number of years in the service to attain this position, making their insights more informed and practical when evaluating systems like medication tracking. 

[image: A graph of number of people

AI-generated content may be incorrect.]
Figure 1 Count of ID by age group

Responses were received from a range of Health Boards across Wales. The highest number came from Betsi Cadwaladr University Health Board, accounting for 32% of the total participants. This was followed by Cwm Taf Morgannwg at 22%, Hywel Dda 16%, Swansea Bay 12%, Cardiff and Vale 9%, Powys Teaching 6%, and finally Aneurin Bevan at only 3% (Fig. 2).
The uneven distribution of responses may be influenced by several factors. Lower participation from certain Health Boards could be a result of ongoing operational pressures, staffing demands, including long-term sickness, or time constraints in those localities limiting their ability to complete non-urgent activities such as surveys. In contrast, the higher response rate from Betsi Cadwaladr may be partly because the majority of clinicians are familiar with the researcher, which could have encouraged participation due to established professional relationships and trust.

[image: A graph of health board
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Figure 2 Respondents Health Board area
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