Data analysis plan of the proposed dissertation to investigate how the implementation of an ePMA system within a Welsh Health Board influences medication management in the inpatient setting.
Project context and scope
‘Medicines are an integral part of healthcare but there is growing evidence of the importance of medicines safety and the need to prevent medication errors to improve patient safety’, (Cattell et al., 2024).
Increasingly, electronic prescribing and medicines administration (ePMA) systems are being implemented in clinical settings with the aim of reducing medication-related incidents and enhancing patient safety (Mohsin-Shaikh et al., 2019). Sheikh et al., (2022) concur, with their research indicating that while ePMA systems can enhance medication safety in hospitals, they present complexities in implementation, and their success is contingent upon system design, clinical decision support, and effective integration into clinical workflows.
Founded in 2021, the Digital Medicines Transformation Portfolio (DMTP) was initiated in acknowledgment of the fact that while medications offer substantial advantages, they also carry the risk of complications. The primary objective of establishing a fully digitalised system was to minimise medication errors throughout Wales (Digital Health and Care Wales, 2024). This initiative is part of the national Secondary Care ePMA programme and is backed by support and funding from the Welsh Government. Furthermore, this endeavour is incorporated into the broader digital transformation occurring across Wales, which aims to enhance care and treatment. 
ePMA represents a significant advancement in the management of medications and prescribing practices within NHS hospitals (NHS Wales, 2026b). However, its effectiveness is dependent upon several factors, including system design, implementation strategies, and stakeholder engagement. This suggests that technological solutions alone are insufficient without appropriate integration into clinical workflows. Furthermore, it emphasises that the success of these systems is shaped not only by their technical features but also by behavioural and socio-technical factors. The socio-technical framework conceptualises healthcare technologies as embedded within a network of systems that encompass human, technical, task-related, and organisational elements, recognising that outcomes arise from the interaction between system functionality and user engagement (Partanen et al., 2023).
This project will focus on one specific Welsh Health Board that has recently implemented ePMA across all adult and paediatric inpatient facilities. This includes three district general hospitals as well as more than fifteen community hospitals and nine mental health units. The Health Board covers six counties and serves more than 700,000 individuals. This implementation therefore represents a significant digital transformation in healthcare delivery for both professionals and patients (NHS Wales, 2026a). Prior to the introduction of ePMA, the Health Board depended largely on paper-based processes for prescribing and administering medications. Digital prescribing was limited to two specialist areas: chemotherapy within cancer services and a standalone system for renal prescribing. Outside of these specific services, all prescribing and medication administration activities were conducted entirely on paper.
Following the introduction of the new digital system, prescribers, pharmacy staff, and nursing teams use a single system to prescribe, reconcile, and administer medications. This study will focus specifically on inpatient prescribing and administration within the hospital setting. It will exclude other components of the medication management pathway, including outpatient prescribing and administration, as well as medication dispensing from the scope of this research. This study is justified by a lack of empirical evidence evaluating both medication safety outcomes and user experience following large-scale ePMA implementation within Welsh Health Boards.

Project aim and research objectives
The study will evaluate the impact on medication management following the implementation of an ePMA system, with a specific emphasis on medication safety and the experiences of healthcare professionals using the system in one Welsh Health Board. By examining these elements, the study will assess how the system supports medication management in practice and how users interact with the technology in their routine clinical workflows. Considering both safety outcomes and user perspectives, the study will provide insight into how effectively the system supports medication management into clinical practice. 
The recent implementation of ePMA in this setting represents a substantial transition from conventional paper-based prescribing and medicines administration processes to a fully electronic system supported by clinical decision support tools. As the implementation has only recently occurred, healthcare professionals are likely to retain clear experience of the previous paper-based processes. This provides a valuable basis for capturing user insights comparing traditional prescribing methods with the new digital system. It also facilitates a deeper understanding of the perceived advantages and challenges associated with the transition.
In addition, examining this recent implementation provides an opportunity to analyse early medication safety data to explore whether the transition to a digital prescribing system contributes to improved medication management and a reduction in patient harm. A temporary increase in reported medication safety incidents is currently being observed, aligning with reports in the literature that an initial rise is as expected. The introduction of ePMA can reveal new categories of errors while simultaneously increasing the likelihood of others (Relihan and Kelly, 2025). 
As the dissertation project is to be conducted in late 2026 and early 2027, it is anticipated that the initial ‘settling in’ period for ePMA will have concluded, and the frequency of ePMA-related medication incidents will have stabilised or reduced. This timeframe provides an opportunity to evaluate early user experiences alongside measurable effects on medication safety. This is particularly relevant once initial adaptation challenges have largely been resolved. Moreover, analysing this phase can yield valuable insights into the relationship between user adaptation, system setup, and organisational support in fostering safer prescribing practices.
Adverse events related to prescribed medications continue to be a major factor contributing to mortality and disability globally. While a significant number of these incidents are preventable, numerous safety initiatives have achieved limited success, partly due to difficulties in obtaining the essential information needed for safe prescribing in a timely manner (Woosley, 2022). These difficulties underscore the necessity for the implementation of digital prescribing systems. However, the true effectiveness of these systems in enhancing medication safety can only be comprehensively assessed by examining both safety outcomes and the experiences of users in clinical settings.
Global health priorities highlight the need to transition from paper-based to digital systems. This shift is expected to improve the modernisation, efficiency, and safety of healthcare. Nonetheless, the successful deployment of digital prescribing and medicines administration systems necessitates more than mere policy commitments. The uptake and effectiveness of these technologies are also shaped by socio-organisational factors. These factors include digital maturity, organisational readiness for transformation, and the willingness of healthcare professionals to adopt new systems (Williams et al., 2022). In the absence of end-user engagement, the potential enhancements in medication safety that ePMA systems can provide may be constrained.
The project therefore seeks to investigate both medication safety and the experiences of system users, which is reflected in the research objectives that adopt this dual focus. The study will examine clinical outcomes alongside the perspectives of healthcare professionals, enabling consideration of both the technical and human factors that influence the use of the ePMA system. 
1. To statistically compare differences in medication error counts before and after the implementation of ePMA using incident report data.
This objective addresses the number of reported medication errors pre and post ePMA implementation, providing a measure of the system’s effectiveness in improving medication safety. This is a key consideration for an implementing organisation, as improvements to patient safety often underpin the rationale for the procurement and adoption of the system. Stakeholders will expect to see a reduction in the number of medication harm-related incidents their organisation is accountable for. 
Lorenc, Sowden and Khouja, (2022) adopt a cautious perspective, highlighting that while ePMA systems have the potential to improve clinical practice, such benefits are dependent on careful planning rather than being inherently guaranteed. This underscores that successful outcomes emerge from the interplay of socio-technical factors such as system configuration, organisational support, and user engagement, rather than from the technology alone.
2. To assess healthcare professionals’ experiences and attitudes to effective medication management within the ePMA system using thematic analysis of semi-structured interviews.
This objective examines the perspectives of healthcare professionals involved in inpatient medication management. It enables assessment of user satisfaction with the system and its workflows, recognising that engagement with ePMA is pivotal to its successful implementation and long-term effectiveness. By exploring perceived factors that facilitate or hinder effective medication management, this objective also highlights areas for further training or potential optimisation, ultimately supporting safer medication practices. 
Alanazi et al., (2024) report that while ePMA systems are increasingly being considered standard practice due to their potential to reduce medication errors, their impact can vary significantly across departments. Their findings, which demonstrated a statistically significant reduction in errors only after system modifications, highlight the importance of examining local implementation and contextual factors, supporting the need to assess both medication safety outcomes and user experiences within this Health Board.

Together, these research objectives have been formulated to capture the dual emphasis of the study, addressing both the aspect of medication safety, and the user experience in handling medication-related tasks within the ePMA system. Although enhancements in medication safety linked to the use of ePMA are a significant focus, the viewpoints of system users hold equal importance. 
The effectiveness of these systems is closely linked to clinician involvement, as it is through their engagement with the system that reductions in medication errors are most likely to be achieved. The implementation of ePMA across this large Health Board represents the most extensive digital transformation project ever undertaken within the organisation. By examining both the clinical outcomes and user perspectives, this study aims to generate findings that aid future optimisation of this system, as well as informing future digital transformation projects.

Data collection
To achieve the project's objectives and research aims, a mixed-methods strategy will be adopted, combining both quantitative and qualitative data collection and analysis. This research design has been chosen for this study to enable the evaluation of measurable alterations in medication safety outcomes following the implementation of ePMA, while also capturing the experiences and attitudes of healthcare professionals as system users. The collection of data is essential to achieving the research aim, and this applies equally to both the quantitative and qualitative components of the study.
Mixed methods have become increasingly common in healthcare services research, where complex interventions (such as ePMA) are influenced by both technical factors, and human behaviour. Historically, quantitative approaches have dominated due to their dependence on numerical and data-centric outcomes. However, qualitative research is progressively acknowledged for its ability to delve into the intricate experiences and viewpoints of participants, particularly in areas where phenomena necessitate analysis from various perspectives (Im et al., 2023). The inclusion of healthcare professionals in the evaluation process is particularly important, as system users play a critical role in determining the success of digital interventions (Grammatikopoulou et al., 2024). However, reliance on self-reported data may introduce bias, including recall bias and social desirability bias, which should be considered when interpreting findings.
Research design- this study is underpinned by a pragmatist paradigm, which supports the mixed-methods approach to address the research question effectively (Elgeddawy and Abouraia, 2024). In line with this approach, a convergent parallel design will be employed, involving the concurrent collection and separate analysis of quantitative and qualitative data, followed by integration of findings (Shahab et al., 2021). Integration will be conducted using a side-by-side comparison approach, enabling quantitative findings to be directly compared with qualitative themes to identify convergence, complementarity, or divergence
Key strengths of this approach within the context of this study include the equal weighting afforded to the quantitative and qualitative data. This is particularly relevant as improvements in medication error events alone would not capture how the system functions in practice without understanding the user interaction. Concurrent data collection is also advantageous as it enables the capturing of medication safety incidents alongside staff experience within the same post-implementation timeframe, allowing a more unified evaluation of system impact. 
Limitations of this design are particularly relevant for this study. The integration of two distinct datasets presents analytical complexity, especially where findings diverge. For example, the study may identify a reduction in reported medication safety incidents alongside negative user experiences, or conversely, positive user perceptions despite minimal measurable improvement in medication errors. Such discrepancies may reflect differences between recorded outcomes and everyday clinical practice, requiring careful interpretation rather than straightforward comparison.
Additionally, the requirement for the researcher to demonstrate competence in both quantitative statistical analysis and qualitative thematic analysis presents a potential challenge. Insufficient expertise in either approach could compromise the rigour and credibility of the findings. 
To mitigate these limitations, careful and systematic integration of findings will be undertaken, ensuring that both datasets are given equal consideration. Any divergence between quantitative and qualitative results will be explicitly explored.
To enhance the validity of the findings, methodological triangulation will be applied through the integration of both data types. This approach strengthens the robustness of the analysis by allowing findings to be corroborated across methods. However, it does not eliminate inherent limitations within each dataset. Instead, it provides a more nuanced and critically informed interpretation of the impact of ePMA on medication management within the inpatient setting (Schlunegger, Zumstein-Shaha and Palm, 2024).
Population and sampling- the target population for this study comprises healthcare professionals involved in medication management within inpatient settings across the studied Health Board, including nurses, doctors, and pharmacists who are active users of the ePMA system. These groups have been selected due to their direct interaction with prescribing, administration, and monitoring processes, positioning them as key stakeholders in evaluating the system’s impact on medication safety. The accessible population will include staff working across multiple care settings within the Health Board, including three district general hospitals, nine mental health inpatient units, and fourteen community hospitals. This broad inclusion enables the capture of diverse perspectives across different clinical environments, thereby enhancing the depth and relevance of the findings.
For the quantitative component, a retrospective dataset of medication-related Datix incident reports will be collected from defined six-month periods before and after the implementation of the ePMA system. This approach enables direct comparison of incident frequency across the two timeframes, providing a measurable indicator of the system’s impact on medication safety. A six-month period immediately following initial implementation will be excluded from analysis, as reported incidents during this phase are likely to be artificially elevated due to user unfamiliarity and system adjustment, which may not accurately reflect routine practice. All eligible Datix reports within the defined timeframes will be included to ensure comprehensive coverage and to maximise the reliability of comparisons between pre- and post-ePMA implementation. 
Implementation of ePMA across the Health Board was completed at the end of March 2026. In line with the exclusion of the initial six-month adjustment period, post-implementation data will therefore be collected from 1st October 2026 onwards. This approach ensures that the data analysed reflects established system use rather than transitional effects associated with early adoption.
In contrast, for the qualitative component, a purposive sampling strategy will be employed to recruit individuals with direct experience of using the ePMA system. Eligible participants will include healthcare professionals actively involved in medication management, specifically prescribers, nurses, midwives, pharmacists, and pharmacy technicians. Initial recruitment will be conducted via email invitations; if the response is insufficient, posters will be placed in communal staff areas to encourage participation. Inclusion criteria require participants to have practical experience of medicines management within the ePMA system, ensuring they can provide informed and relevant insights. Individuals with view-only access or those in student roles will be excluded, as their restricted system permissions limit their ability to independently undertake key medication-related tasks. 
Although purposive sampling is appropriate in this context for choosing participants who possess relevant experience with the ePMA system, it is naturally prone to selection bias, which constrains the generalisability of the results to the population. Andrade, (2021) highlights that non-probability sampling techniques may not accurately represent the wider population, and that increasingly specific inclusion and exclusion criteria can further narrow the sample. In this study, participant selection is restricted based on professional role and engagement within the Health Board, although no exclusions are made based on demographic characteristics. Nevertheless, within qualitative research, this approach is justified as it enables the collection of rich, context-specific data from knowledgeable participants, aligning with the research objectives of the study.
When determining the sample size for the qualitative component, data saturation will serve as the guiding principle. Recruitment will continue until no new themes or insights emerge, indicating sufficient depth and breadth of data to support rigorous thematic analysis (Moser and Korstjens, 2018).While an initial sample size of approximately 40 participants is anticipated, this figure remains flexible and will ultimately be determined by the point at which saturation occurs. Although this estimate exceeds sample sizes often associated with saturation, it is justified by the inclusion of multiple professional groups and the diversity of clinical settings across the Health Board, which may require a broader sample to adequately capture representation of staff from multiple specialities.
Hennink and Kaiser (2022) emphasise that qualitative sample size should be underpinned by transparent justification rather than predetermined numerical targets. They highlight factors such as population specificity, data richness, and the achievement of saturation as key considerations. In this study, although participants share experience with the ePMA system, variation in professional roles and diverse inpatient settings necessitates a larger sample size to ensure adequate representation of perspectives. Therefore, the proposed sample size is considered appropriate, while remaining flexible in accordance with qualitative research principles. 
Furthermore, by capturing a wide range of experiences across professional roles and clinical contexts, the study strengthens the transferability of its findings, allowing readers to evaluate their relevance to other healthcare settings. This will be further supported through the provision of detailed descriptions of the research context, participant characteristics, and clinical environments, enabling informed judgement about the applicability of the findings beyond the study setting.
This integration of data will enable the simultaneous evaluation of measurable medication safety outcomes alongside healthcare professionals’ experiences, thereby providing a comprehensive understanding of the impact of ePMA.
Data collection methods- Quantitative and qualitative data will be collected concurrently in accordance with the convergent parallel mixed methods design, enabling a comprehensive evaluation of medication management when using ePMA.
Quantitative data will enable the examination of variations in the frequency of reported medication-related incidents, thereby providing a quantifiable measure of the ePMA system's influence on patient safety. While this approach generates objective data and avoids recall bias, its completeness is dependent on the extent and consistency of incident reporting, with underreporting recognised as a known limitation (Thallapureddy et al., 2024). Consequently, this method alone may limit understanding of the underlying factors contributing to observed changes.
Data will be extracted from the Datix reporting system within the Health Board. Access to the data will be requested by the dissertation author from the appropriate department, and all data will be anonymised prior to analysis. Variables collected will include incident type, severity, date of occurrence, and clinical setting, enabling comparison across time periods and locations. Inclusion criteria will encompass all medication-related incidents reported within the defined timeframes, with keywords including ‘medication’, ‘prescribing’, and ‘medication administration’.
The qualitative component will explore the human factors of the system and will be essential for gathering the experiences and attitudes of end-users, assisting in identifying inefficiencies that may not be evident through quantitative data alone. Limitations of this approach can include recall bias, participant and researcher subjectivity, generalisability, and the complexity of analysis of findings (Mwita, 2022). Data will be gathered using semi-structured interviews, this presents a flexible method of data collection where the interviewer is broadly guided by pre-prepared open-ended questions. This approach is particularly suited to this study as it enables the exploration of participants’ experiences and perceptions while maintaining flexibility to probe emerging themes (Mashuri et al., 2022). The interview guide will be piloted with a small number of participants to assess its clarity and effectiveness in eliciting the intended information, thereby ensuring its suitability for the study.
Participants will initially be approached via email invitation. Interviews will be conducted either face-to-face or via Microsoft Teams, depending on participant preference and location. Interviews will be audio recorded when conducted face-to-face and video recorded when conducted via Teams to ensure the capture of both verbal and non-verbal cues. Each interview is expected to last approximately 30 to 60 minutes.
Open-ended interview questions will be developed in advance and will follow a standardised format across all participants to ensure consistency in data collection. The interview guide will be informed by a review of relevant literature and consultation with clinical experts, ensuring that the questions align with the study’s objectives of evaluating the impact of ePMA on medication safety and user experience.
If participant recruitment falls below the anticipated level of requirement, the use of questionnaires instead of interviews could be considered as a contingency. Questionnaires offer certain advantages over interviews such as a lower cost, having the ability to reach a wider audience, and offering a reduced time commitment for both parties. However, for this study the disadvantages outweigh the benefits. The questionnaire may not capture the level of detailed responses required, and participants may also misinterpret the questions, reducing the quality of the responses and therefore the end data (Mae, 2024).
Data analysis methods- Quantitative data generated from Datix incident reports will be analysed using the Statistical Package for the Social Sciences (SPSS). Descriptive statistics will be calculated to summarise incident frequency, type, and severity across the pre-and post-ePMA implementation periods. 
Comparative analysis will initially be conducted using the Poisson regression test to assess for any statistically significant differences in reported incidents between the two timeframes. This method is appropriate as the collected Datix incident reports will generate count outcomes over equal time periods. The first one is detailing the number of medication incidents over a six-month period prior to ePMA implementation, and the other figure a count of incidents following the implementation of ePMA. 
However, as Datix reports utilise time stamped data, a more robust analysis may be undertaken utilising an interrupted time series (ITS) approach. This would allow incident counts to be analysed at regular intervals (monthly in this scenario), enabling the assessment before and after ePMA implementation, as well as both immediate and longer-term changes following implementation.
This approach enables evaluation of the association between medication errors and the introduction of ePMA over time. A limitation to this study is that no data are available regarding the total number of medication administrations or prescriptions during these periods, limiting the ability to calculate true incident rates and therefore restricting the analysis.
Operational significance will be assessed by examining changes in incident counts and considering whether these reflect improvements in medication management following ePMA implementation. However, changes in incident frequency may also reflect differences in reporting behaviour rather than true changes in medication safety, particularly given the potential for increased reporting following system implementation. Incident reports may not capture all medication errors, particularly those not recognised or reported.
To address this, findings will be interpreted cautiously, with consideration of sociotechnical factors such as increased staff awareness, improved reporting mechanisms, and organisational culture surrounding incident reporting.
The qualitative data generated from the semi-structured interviews will be analysed using thematic analysis, following Braun and Clarke’s six stage framework. The framework incorporates familiarisation with the data, generating initial codes, searching for themes, reviewing themes, defining and naming themes, and writing the report. This framework remains a widely used method for conducting robust thematic analysis to identify, analyse, and report themes in the collected data (Braun and Clarke, 2006). The collected themes will be presented to show key insights into barriers, enablers of ePMA use as well as user perceptions of workflows, usability, and medication safety in ePMA, aligning with the study aim and objectives.


Ethical and information governance considerations
A robust ethical and information governance plan will be developed and adhered to throughout the design, conduct, and analysis of this study. As the research focuses on medication safety reporting and the experience of healthcare professionals using ePMA, there are standards that must be followed to protect the organisation, its staff and its patients, and to ensure compliance with legal and institutional requirements.
The sensitive nature of medication related incidents, particularly where patient harm may have occurred presents the requirement for strict confidentiality. Careful handling of all collected data is therefore essential. In line with this, all data will be anonymised at the earliest opportunity, this will include the removal of staff or patient names, ward/unit identifiers, and any timestamps. Only the researcher and the academic supervisor will have access to the raw interview data prior to anonymisation. Findings may have organisational implications; therefore, care will be taken to present results in a non-attributable manner. These measures will ensure that the anonymity of all parties is upheld and that sensitive information is handled in accordance with ethical and information governance standards. 
Participant welfare represents an essential ethical consideration. The healthcare staff may worry that the information they provide could expose them to professional scrutiny or reputational risk, particularly as they are being asked to speak about medication safety and any challenges associated with ePMA use. To mitigate this, participants will be provided with clear written and verbal assurances that their responses will be fully anonymised, that no identifiable information will be disclosed to line managers or the wider organisation, and that participation will have no impact on their employment.
Wells et al., (2024) describe that the quality of communication between the researcher and the participant has a direct influence on promoting a feeling of trust, comfort and willingness to engage. Their findings suggest that when the researcher communicates transparently and builds a rapport with the participant that this influences the quality of responses received, improving the validity of the study. 
This will be particularly important for the proposed research, as participants will be asked multiple probing and potentially intrusive questions. Following recruitment, participants will be provided with clear information regarding the purpose of the study, alongside assurances that participation is voluntary and that consent may be withdrawn at any stage. Informed consent will be obtained prior to the commencement of interviews. Establishing a supportive, respectful, and non-judgemental interview environment will therefore be essential to facilitate open dialogue and generate meaningful insights.
Following the interview process, all data will be stored securely in accordance with institutional research data management policies. University-approved, password-protected systems will be used, accessible only to the researcher and the academic supervisor. Data retention and disposal will also follow established guidelines for the institution. The study will adhere to ethical principles of autonomy, beneficence, and confidentiality. All data will be handled in accordance with UK General Data Protection Regulation (GDPR) (European Parliament and Council of the European Union, 2016) and the Data Protection Act 2018 (UK Parliament, 2018) ensuring secure storage, restricted access, and anonymised reporting of findings. Only data necessary to address the research aims will be collected, in line with the principle of data minimisation.

Conclusion
In conclusion, the project seeks to investigate both medication safety and the experiences of system users by examining reported medication error incidents before and after ePMA implementation alongside the perspectives of healthcare professionals. This approach enables consideration of both the technical and human factors influencing the use of the ePMA system. 
To achieve the project's research aim and objectives, a mixed-methods strategy will be adopted, combining both quantitative and qualitative data collection and analysis. This design allows for the evaluation of measurable changes in medication safety outcomes while also capturing the experiences and attitudes of system users.
Data will be collected concurrently using a convergent parallel mixed methods design, enabling a comprehensive evaluation of medication management when using ePMA. Quantitative data generated from Datix incident reports will be analysed using descriptive statistics and Poisson regression to assess differences in reported incidents between the two timeframes, followed by an ITS analysis to explore trends over time. The qualitative data generated from semi-structured interviews will be analysed using thematic analysis, following Braun and Clarke’s six stage framework.
Overall, this combined approach provides a robust framework for evaluating both the effectiveness of ePMA in improving medication safety and the contextual factors influencing its use in clinical practice.
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