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The industrial partner on this project is Digital Health and Care Wales (DHCW). DHCW is a company within NHS Wales which is dedicated to ensuring that the NHS are using technology effectively to improve health care services in Wales. The main purpose of this project is to identify the impact the Electronic Prescription Service (EPS) is having on carbon emissions in Wales. EPS when implemented successfully could reduce carbon emissions by lowering the distance patients are travelling to collect prescriptions and it could also reduce waiting times. The project involves investigating the impact of similar systems that are in use in other areas/countries which could lead to the discovery of other insights from EPS within Wales. 
The Information Services team at DHCW are conducting the project and they also have an interest in which visualisation techniques have been able to successfully show patterns in similar systems.   The researcher is a data analyst for DHCW with three years of experience in the field. They specialise in data cleaning, data gathering, and data visualisation, all of which is essential for drawing reliable conclusions from data. From doing a degree apprenticeship studying data and information systems, they have been able to apply theoretical knowledge to tasks that have had an impact on health care in Wales. They have a passion for helping people and their experience of data-driven decision-making for the NHS makes them equipped for evaluating the impact of EPS on patient care. 

[bookmark: _Toc176464925]2. Background to the Proposed Research 
[1] The EPS uses computers to write and manage health care prescriptions as an alternative to traditional paper-based methods. Another key function of EPS is that healthcare providers can send prescriptions directly to pharmacies ready for collection. The process involved with EPS is the doctor signs on, the patient record is found, the notes are read, and suitable medication is prescribed, then the prescription is sent electronically to the pharmacy for collection. Some general benefits associated with EPS include reduction of medical errors because of handwriting. Another benefit is the reduction of waiting time for medication because alerts are sent out the patients when their prescription is ready to be collected. Another benefit is the effect on carbon emissions because traditionally patients had to pick up their prescriptions from their GP and then travel to a pharmacy, but now there is no need to travel to the GP at all, meaning less fuel used. Patients living in rural areas benefit from this new system because their GP practices are usually far away. 
It is important to evaluate the effectiveness of the system in other countries for comparative reasons. [2] Canada has implemented an EPS in some of their provinces. They value their system for its secure communication between pharmacy and prescriber, the alerts that get send to patients when their medication is ready to collect, and the security protecting patient information. [2] Sweden hasn’t used paper prescribing methods since 1980, so this country has always been very advanced. Patient smart cards were introduced containing information about prescriptions where microcomputers made it possible. The cards also held recent medical history so that more informed decisions could be made. This country was instrumental to the development of EPS like what we see today. [3] 91% of Sweden’s prescribing staff report time being saved using the electronic prescribing system in comparison to paper prescriptions, with half hour extra time being available each day for other important tasks.  [2] In the UK there are 1.5 million prescriptions carried out a year and 70% of those are repeat prescriptions. The UK benefits from the EPS since patients can apply for their repeat prescriptions without travelling to their surgery or calling anyone. A request is submitted and approved very efficiently with no unnecessary interactions. [3] Estonia is reporting that repeat prescriptions are taking 10-15 seconds to approve and new prescriptions are taking 30-60 seconds. Furthermore, in Estonia, a survey taken 1 year after the release of the prescribing system being launched showed that 91% of people using the system were either very satisfied or satisfied with its performance. 
[4] There are some limitations to the EPS offered across the world because even though most systems apply the National Council for Prescription Drug Programs coding scheme, there are some that do not. This can make comparisons between countries more difficult and for effective analysis it is essential that Wales is always adhering to these rules. There has been a reported lack of training for people using the system which could lead to some data quality and reliability issues so Wales should be ensuring that adequate training is undertaken for a successful program. 
The healthcare sector greatly participates in the creation of carbon emissions. [5] In 2019 it was discovered that 25 megatons of carbon were produced by the NHS in England alone. 2.5 megatons were from patients travelling between sites. The NHS organisation combined across the UK would be looking at a higher about of carbon produced so the company needs to have methods of lessening their impact.
The use of visualisation is effective at portraying results and analysis briefly very easily.  [6] Drive time analysis is a useful tool because it can investigate what routes are more eco-friendly. Drive-time analysis is being used to find the quickest routes to destinations. Drive-time analysis could be used to see whether patients are travelling to prescription sites that are further away unnecessarily. [7] GIS can be used to map travel routes, plot data points, and it could hold multiple data layers on one map. GIS has been used in healthcare already to plot how many vaccinations are being given at different sites. 
[8] Data visualisation is important in the health care sector because whilst data analysts will understand the figures they have gathered, other health care professionals will not. Graphs and charts allow instant understanding of data, visually. Power BI is an advanced software that allows for basic graphs to be created, and complicated visuals using DAX functions or even R /Python scripts. Power BI is used to produce interactive dashboards where the users can apply filters and visually investigate the data. Another software is Arc-GIS which is a Geographical Information System tool. This service is expensive, but it has vast capabilities compared to other GIS software like MapInfo.  
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Aim
To analyse and evaluate whether the implementation of the EPS in Wales has had an impact on carbon emissions. 
Objective 1
To critically evaluate the state of carbon emissions related to healthcare before and after the introduction of the EPS in Wales. 
Objective 2
To critically compare the impact of introducing an EPS on carbon emissions across different regions/countries. 
Objective 3
To assess the impact of carbon emissions across different prescribing health boards 
Objective 4 
To investigate the correlation between the adoption rate of the EPS and the levels of carbon emissions across Wales. 
Objective 5
To identify and evaluate additional factors that may influence the impact of the EPS. 
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[bookmark: _Toc176464928]4.1 Research Methodology
[bookmark: _Toc176464929]4.1.1 Philosophy
[9] Positivism is appropriate epistemological philosophy because it follows the belief that knowledge is based on experiences of real phenomena in the real world/objectives. Phenomenology isn’t suitable in this project because of the reliance on quantitative data. The datasets are factual and do not involve opinions. The EPS data will be quantitative meaning that it is numerical data that produces statistics, and positivism relies on this data type. Positivism is useful because it works well with large datasets. Positivism is used to test theories such as whether the EPS has had an impact on carbon emissions in Wales which is another reason why this philosophy is favoured. Positivism also allows for reproducibility. A limitation of positivistic approaches is that it is better suited towards when the location is artificial, but this project is going to use maps frequently. The threat of this limitation can be lessened by ensuring the data used is reliable, and comparisons with other countries are carried out in control groups with similar demographics. Furthermore, advanced statistical analysis can also reduce the risks. The mixed method approach is unnecessary because positivism aligns with the project’s values. 
[bookmark: _Toc176464930]4.1.2 Approach
[10] The appropriate approach is deductive. Deductive involves having a theory/hypothesis, and then designing a research strategy aiming to prove the hypothesis. Deductive approaches are favourable when using quantitative data because the data is factual and is being tested to prove the hypothesis through its measurable outcomes. Deductive approaches are very focused because the project is working towards proving a specific outcome. Deductive approaches will allow for efficient testing of large datasets such as EPS and carbon. However, when working deductively there is opportunity for bias from the researcher, so it is important to make sure all measures are investigated even if the results produced do not favour the hypothesis. Inductive strategies would be inappropriate because new theories are not required. 
4.1.3 Strategies
4.1.3.1 Literature Review 
There is a literature review to follow, prior to doing the implementation. This strategy provides insights to existing research on EPS and correlation with carbon emissions. [19] The strategy allows already proven knowledge and gaps to be discovered. This is a reliable strategy because it involves reviewing academic/official articles, reports, or studies. This is effective because the situation in other countries can be measured.
4.1.3.2 Experiment
The experiment is relevant to positivism, and it will be used to directly test the impact between the two variables: EPS and carbon emissions. An experiment in this project will be trailing different measures to see if it reveals correlation between the two measures. [20] The experiment will provide quantifiable evidence that will either support or disprove the hypothesis. 
4.1.3.3 Software Development
[21] A software development strategy will create tools for data analysis. This custom visual will involve GIS and drive time analysis. It will be able to analyse a large amount of data and display it for across Wales allowing for easy comparison. This is an essential strategy used to interpret results and findings. 
[bookmark: _Toc176464931]4.1.4 Risks & Limitations
[11] A limitation of this project is that there are limited licenses held by DHCW for ArcGIS software. This means that if they are all being used by other people then the project risks being delayed. I will mitigate this from happening by co-ordinating with the other ArcGIS users to manage resources well. The dataset being used is very large which means that ArcGIS software could have trouble processing the data. To prevent this issue, checks should be done to ensure that the hardware and software can hold the data, and if that fails then the data could be broken down into smaller sections and linked up. Key parties might be slower than the required deadlines which skew the project timelines, but it can be avoided with frequent communication over deadlines. 
[bookmark: _Toc176464932]4.1 5 Ethical Issues
[12] Raw patient data almost always includes personal identifiable data (PII) which is protected data. If this data is given to unauthorised personnel, there would be legal and financial repercussions. PII includes NHS number, home addresses, and contact information. The data protection laws being followed reduces this ethical risk. The data is stored in encrypted databases. The anonymisation of data before extracting into an external software is a mitigation route for losing security when using other software. Bias effects the ethics of projects especially when the researcher already has pre-conceptions about what the results will be so to mitigate this the researcher should follow the research methodology structures. There is no physical harm expected to come from this project but there is slight potential for mental stress on the researcher, reputational harm to DHCW or UWTSD.
[bookmark: _Toc176464933]4.1.6 Validity, Reliability & Generalisability
4.1.6.1 Validity
[13] There could be validity concerns when the researcher is considering the EPS ‘impact’ on carbon emissions. It must be made clear that the meaning of this is to investigate changes involving aspects such as travel distance, emission data, drive time analysis and prescription fulfilment. Qualitative data will validify the findings related to the impact. Validity is improved if the correlation between carbon emissions and the EPS system can be proved. Longitudinal data and control groups can ensure that external influencing factors are considered. The data should be cleaned. These factors will ensure that the problem is investigated thoroughly. The data should be scrutinised to make sure that the right questions are asked and answered. Appropriate data would include the EPS dataset, an emissions dataset over time, and drive time analysis datasets. These datasets combined will be able to answer the project aim. People involved in this project are skilled analysts who are familiar with healthcare data and visualisation techniques, so they are appropriate for this task increasing the validity. 
4.1.6.2 Reliability
The reliability of this project is very high because the data is factual and statistical. The results proved are not estimated, or inferred, they are factual pieces of evidence. [13] The reproducibility of this project is high because when the data is qualitative the use of different researchers won’t cause any significant impact to the findings produced as there are no opinions involved. If the project was conducted again at another time the results would follow the same patterns due to the same data collection and analysis procedures being followed. 
4.1.6.3 Generalisability
[13] These results could apply for other healthcare settings using a similar service, either in Wales or globally. It would be useful for other healthcare providers to follow the methodology and structure of this project because it allows for consistency in how data in analysed across the country. This project could encourage other healthcare providers to use electronic systems. Other areas of healthcare that effect carbon emissions include waste management, where an electronic tracking system measuring the waste and the effect on carbon would follow the methodology of this study. Similarly, if other sectors are interested in their effect on carbon, they could implement this such as in offices where they start sending emails instead of letters to reduce carbon. 
[bookmark: _Toc176464934]4.1.7 Data Evaluation Methods
4.1.7.1 Data Collection
[14] Quantitative data will be collected which refers to the EPS data set from NHS databases and the Carbon Emissions datasets from online. Another qualitative data collection will be carried out using surveys and interviews, which will be conducted with healthcare providers for their feedback on the EPS effectiveness to healthcare professionals. These surveys will be conducted electronically where the data can be easily compiled and extracted from a .csv file. For a reliable study it would be appropriate to gather at least 100 responses because this allows average analysis to be conducted. These applicants will be contacted via email as everyone in the NHS has an NHS email regardless of the relevance of technology in their role. The relevant people will be contacted based on a list that is available of people that have access to the EPS. If limited data is gathered then it would be useful to look at a qualitative approach where interviews can be conducted giving a more in depth explanation to the surveys questions. Geographical Data will be essential to this study and the boundary data for Wales can be downloaded from the Health Maps Wales website. The most prominent data for this research is from datasets and is this isn’t available in a timely manner then it would affect deadlines. To mitigate this there should be regular contact with the appropriate parties to ensure deadlines are being met. These datasets have over a year of data which is appropriate for analysis. 
4.1.7.2 Data Evaluation
[15] Descriptive analysis techniques will be relevant to this project which involves finding the averages such as mean, and median. These are essential to data investigation when using visualisations because it is easier to plot the averages. It is important to clean the data of any outliers that are going to skew the graphs. These techniques will be applied to the prescription uptake, travel distances, and carbon emissions across different areas of Wales. Drive-time analysis is to be used where travel times are compared before and after EPS implementation. [16] and will be visualised using GIS software. Most of the information will be plotted on the map to highlight different geographical areas for comparison, but Power BI will be used for more general comparisons using bar charts and line graphs. 
[17] Deeper analysis including t-tests should be included to compare the before and after results considering if the results are significantly different to 0.05. T-tests are relevant to proving hypothesis which is relevant to experiments.  
The hypothesis for the experiment is:
Null hypothesis: There implementation of the EPS in Wales has no significant impact on carbon emissions.
Alternative hypothesis: The implementation of the EPS in Wales has a significant impact on carbon emission. 
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[bookmark: _Toc176464936]4.2.1 Software Development Methodology OR Other Relevant Major Methodology
The chosen software development methodology for this project is [18] agile because it lessens risk associated with new functionality. The Feature Driven Development (FDD) is a type of agile methodology which will be used in this project because it is better for small teams or individuals working on projects. FDD will help the project focus on delivering new visualisations in managed phases, allowing a schedule to be well followed. This is going to allow feedback throughout for improvement throughout its development. 
[18] The methodology follows a process:
1. Develop the overall model 
2. Build a feature list
3. Plan by Feature
4. Design by Feature
5. Test and review
6. Deploy and Integrate
This can be adapted for the project like below: 
1. Document the data sources, data visualisation tools, software, and aims for the project.
2. List all the features to explore such as drive time analysis, carbon emissions report generator.
3. Set deadlines to investigate the above features and prioritise the tasks by importance.
4. Design the dashboard and analysis functionalities for each feature and decide how to interact with them.
5. Build the dashboard based on the features and test to check they meet the requirements.
6. Finalise the project and allow access to appropriate parties. 
Following the structure of this methodology, the project will be delivered in a timely manner, tested for functionality, flexible due to continuous feedback, and better teamwork with set responsibilities.
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The tasks required for this project can all be done on an individual laptop setup. Specific graphic cards, storage or processor isn’t required, as long at the device is competent in all areas. An additional monitor will be used for ease when multiple software’s are in use at the same time, but this is not vital to the performance of the project. 
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SQL Server Management Studio 2019 is required for the initial data cleansing process. This is how the data will be accessed from the databases as the connections are set up, and it will also allow queries to be run for data cleaning and gathering. This is an online download taken from the Microsoft website. 
Another software needed is Microsoft Power BI. The January 2024 version is appropriate because this is the most up to date version of Power BI that works effectively with the NHS security account measures. DAX and R can be applied to visualisations from within this app. This download is also available on the Microsoft website/store. 
ArcGIS software is also needed for the geographical data to be plotted on the map. This will be downloaded from an internal NHS site because of the limited number of licences held. Once logged into the portal it can be downloaded to the device and utilised. 
[bookmark: _Toc176464940]5.3 Information Resources
The carbon emissions data is not health care related specifically so this comes from an external online source called London Northeastern Railway, through using the carbon calculator. 
[bookmark: _Toc176464941]5.4 Human Resources
The project will be undertaken by the researcher and their manager only. 
There will be a survey undertaken with an aim of gathering 100 responses from NHS staff who have experience using the EPS. These people will be contacted from an approved list of those who are happy to be contacted for research purposes. 
[bookmark: _Toc176464942]5.5 Project Plan
The below Gantt chart clearly demonstrates the predicted time frames for each key task in this project. There are likely to be factors impacting time frames such as the software download approvals taking longer due to security measures, or the analysis being a bigger task than originally envisioned, so it will be crucial that there is room for flexibility by keeping this chart up to date. Digital products can have downtime, so it is important to have backup files saved. There are no financial implications for DHCW or UWTSD. 
The project is running from September 2024 until May 2025, with a viva in January, and the final viva being due in May. The time frames do not allow for much flexibility because there is a lot of analysis and a lot of graphs to make. However, with organisation it will be easier to keep on track. This project can be completed by one person, but the manager is on hand to offer support if deadlines are close. 
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Fig.1 Gantt Chart
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Fig.2 Task duration in weeks





[bookmark: _Toc176464943]6. Personal Reflection
The purpose of this project is to see if the EPS is having an impact on carbon emissions in Wales. This is important because if this investigation proves a positive correlation, then other areas of healthcare could implement this service and reduce the carbon emissions across the country even further. I was motivated to pursue this project because I have a passion for looking after the environment and I work for DHCW NHS so it is great to have a project that can compare my interests with my professional skills. The literature review was a challenge because I was unsure of what I should include or research. Once I understood that it was background research then I found a wealth of sources about EPS from across the world. Countries with long-term data have seen improvements in healthcare and the environment, which is encouraging, helping the aims and objectives of this project to become clear based on the scope. The methodology was difficult because my project could have multiple approaches, however after thorough research it was clear that positivism was appropriate because of the extensive use of quantitative data. The Gantt chart has realistic timeframes; however, I anticipate some flexibility because external sources might not comply to these deadlines. I anticipate the software downloading being delayed as they are an external team. Through this project development I can understand that theory and practical elements make a project successful. In future, I will prioritise official sources more frequently rather than website addresses because those sources are less reliable. I will also prioritise stronger relationships with the external factors to ensure everyone is aware of time frames. I will also use flow charts and other visual tools to better represent plans briefly to save time. 
[bookmark: _Toc176464944]7.Conclusion
To conclude, the project aim is to investigate the impact of the Electronic Prescription Service in Wales on carbon emissions. This will be done by gathering, cleansing, analysing, and visualising data. This project is important to both the healthcare sector and the environment. By conducting a background literature review, creating aims and objectives, deciding on methodologies, then a project plan was created. Quantitative analysis is going to be a key element of this project because of the positivistic and deductive approach. A hypothesis will be tested by an experiment. There have been developments on potential limitations such as software downloads taking considerable amounts of time. The project should be able to influence other similar healthcare companies to implement a system like the EPS based on the same methodology. 
















[bookmark: _Toc176464945]8. Reference List
[1]
“Electronic prescription system requirements: a scoping review,” Rdcu.be, 2024. https://rdcu.be/dSI54 (accessed Sep. 05, 2024).
[2]
B. Aldughayfiq and S. Sampalli, “Digital Health in Physicians’ and Pharmacists’ Office: A Comparative Study of e-Prescription Systems’ Architecture and Digital Security in Eight Countries,” OMICS: A Journal of Integrative Biology, vol. 25, no. 2, Sep. 2020, doi: https://doi.org/10.1089/omi.2020.0085.
[3]
U. Deetjen, “European E-Prescriptions: Benefits and Success Factors www.politics.ox.ac.uk/centre/cyber-studies-programme.html European E-Prescriptions: Benefits and Success Factors Working Paper Series -No. 5 2,” 2016. Accessed: Sep. 05, 2024. [Online]. Available: https://ora.ox.ac.uk/objects/uuid:440a8fe6-6421-4b62-9e5e-cb0f559667d6/files/m24832b33b1957c84ccbf148903f9033d
[4]
A. Hahn and A. Lovett, “Electronic Prescribing: An Examination of Cost Effectiveness, Clinician Adoption and Limitations,” Universal Journal of Clinical Medicine, vol. 2, no. 1, pp. 1–24, Jan. 2014, doi: https://doi.org/10.13189/ujcm.2014.020101.
[5]
A. Meng et al., “Health care’s response to climate change: a carbon footprint assessment of the NHS in England,” Articles Lancet Planet Health, vol. 5, pp. 84–92, 2021, Available: https://www.thelancet.com/action/showPdf?pii=S2542-5196%2820%2930271-0
[6]
E. Szimba, “Assessing travel time savings and user benefits of automated driving – A case study for a commuting relation,” Transport Policy, vol. 98, pp. 229–237, Nov. 2020, doi: https://doi.org/10.1016/j.tranpol.2020.03.007.
[7]
A. J. Kent and P. Vujakovic, Eds., The Routledge Handbook of Mapping and Cartography. Milton Park, Abingdon, Oxon ; New York, NY : Routledge, 2018.: Routledge, 2017. doi: https://doi.org/10.4324/9781315736822.
[8]
D. Dietrich and H. Myrttinen, “Data Visualisation,” 2012. Available: https://data.europa.eu/sites/default/files/report/2012_data_visualisation.pdf
[9]
A. Vostovska and I. Siregar, “Epistemological Analysis: Comparison Between Positivism and Phenomenological Approaches,” Contrastive Pragmatics, vol. 1, no. 2023 -, 2023, Accessed: Sep. 05, 2024. [Online]. Available: https://contrastivepragmatics.com/index.php/cp/article/view/39#:~:text=While%20positivism%20emphasizes%20objectivity%20and
[10]
J. Dudovskiy, “Deductive approach,” Business Research Methodology, 2019. https://research-methodology.net/research-methodology/research-approach/deductive-approach-2/
[11]
Team Asana, “7 Common Project Risks and How to Prevent Them,” Asana, Jan. 19, 2024. https://asana.com/resources/project-risks
[12]
IABAC®, “The Dark Side of Data Analytics: Ethical Dilemmas and Solutions,” IABAC®, Oct. 04, 2023. https://iabac.org/blog/the-dark-side-of-data-analytics-ethical-dilemmas-and-solutions#:~:text=Bias%20and%20Fairness%3A%20Data%20analytics
[13]
L. Leung, “Validity, Reliability, and Generalizability in Qualitative Research,” Journal of Family Medicine and Primary Care, vol. 4, no. 3, pp. 324–327, 2015, doi: https://doi.org/10.4103/2249-4863.161306.
[14]
SurveyCTO, “A Guide to Data Collection: Methods, Process, and Tools,” SurveyCTO, 2024. https://www.surveycto.com/resources/guides/data-collection-methods-guide/
[15]
C. Cote, “What Is Descriptive Analytics? 5 Examples | HBS Online,” Business Insights - Blog, Nov. 09, 2021. https://online.hbs.edu/blog/post/descriptive-analytics
[16]
L. Costello, “What is drive time analysis & how can it help your business?,” Espatial.com, Feb. 27, 2024. https://www.espatial.com/blog/drive-time-analysis#show-chat
[17]
A. Robb, “Experimental Hypothesis | Importance, Features & Examples,” Study.com. https://study.com/academy/lesson/identifying-experimental-designs-to-test-a-given-hypothesis.html#:~:text=A%20hypothesis%20is%20a%20prediction,background%20research%20on%20the%20topic.
[18]
“Feature-Driven Development: A Brief Overview - LaunchDarkly,” LaunchDarkly. https://launchdarkly.com/blog/feature-driven-development-a-brief-overview/
[19]
University of Edinburgh, “Literature Review,” The University of Edinburgh, Feb. 26, 2024. https://institute-academic-development.ed.ac.uk/study-hub/learning-resources/literature-review
[20]
“How to build an effective experimentation strategy - a dotcentric article,” Dotcentric.co.uk, 2023. https://www.dotcentric.co.uk/news-and-insight/how-to-build-an-effective-experimentation-strategy/ (accessed Sep. 05, 2024).
[21]
T. Sire, “The Ultimate Software Development Strategy for Successful Development - Pulsion Technology,” Pulsion Technology, Jul. 10, 2024. https://www.pulsion.co.uk/blog/software-development-strategy/ (accessed Sep. 05, 2024).


image1.png
Tasks

Gantt Chart of Project Tasks (Sep 2024 - May 2025)

Report Final

Data Visualization (PowerBI)

Data Visualization (ArcGIS)

Report First Draft

Interim Viva

Data Analysis for Survey Results

Data Analysis for EPS Effect on Carbon

Data Collection (Survey Results)

Data Collection (NHS Database)

Literature Review

Software Download Approval

Project Planning

Tasks
e Task Duration




image2.png
Task

Project Planning

Software Download Approval
Literature Review

Data Collection (NHS Database)
Data Collection (Survey Results)
Data Analysis for EPS Effect on Carbon
Data Analysis for Survey Results
Interim Viva

Report First Draft

Data Visualization (ArcGIS)

Data Visualization (PowerBI)
Report Final

Duration
(Weeks)

AR AR OLONN S

B
N® W




