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Introduction
This report provides a development log based on a case study surrounding the COVID-19 vaccination programme across Wales using Geographical Information Systems (GIS) software to demonstrate how a system could be built to inform healthcare professionals of the COVID-19 vaccination uptake. The author will use a range of data and maps such as thematic mapping to demonstrate and highlight areas where vaccine uptake may or where the risk of heard immunity may not be reached. The author will analyse, hypothesize, and display data findings using a range of data sets such as census data, Welsh Government data and relevant custom datasets. 
All data will first be loaded to an excel spreadsheet to allow the author to complete any data cleansing. Using excel will allow the author to further process, analyse and streamline the relevant data prior to loading it to the maps.
Task 1 – Development Log 
First maps (Boundary Data)
The author began the Geographical information system build by downloading a Mid Layer Super Output Area (MLSOA) map of Wales and loading this into MapInfo as a first layer. The MLSOA map provides more defined cookie cut detail into the area that is being highlighted within the health authority. This allows for more accurate data visualisation. MLSOA’s are defined by the NHS Data Model and Dictionary as “A geographic hierarchy designed to improve the reporting of small area statistics in England and Wales” [1]. To enable the author and users to differentiate this map from others throughout the Geographical information system the MLSOA map has been colored green. 
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Following the first layer build, the author proceeded to include a map of the local health board within the mid layer super output area. As this information system will be used to inform healthcare professionals on the uptake of vaccination programmes these data boundaries (map) are familiar as they are used for National Information Reporting as per the agreed standards and are easily recognisable. During the COVID-19 pandemic each local health board proceeded to approach the pandemic in their own way, but in line with National guidance, meaning, that vaccination programmes, recovery strategies and data will vary based on individual local health boards.  
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County borough boundaries are familiar boundaries often used for reporting criteria consistently across Wales, the author loaded this map to the GIS build as this data is familiar and easy to understand and navigate for users from both general and healthcare professions. 
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Thematic Mapping
Thematic maps are single topic maps which provide a visual view based on a specific theme allowing users to analyse and understand complex data [2].  
There are multiple thematic maps used to display Geographical Data [3]:
· Choropleth maps
· Dot distribution maps
· Cartogram maps
· Bivariate Choropleth Maps
· Value by alpha Maps
Choropleth maps are the most used maps within Geographical Information Systems, for this study the author will be using choropleth maps to display relevant data. The author will focus on using County Borough map boundaries and Health Board Specific boundary maps as these are the boundaries that Health Care Professionals are most familiar with. 
To complete the case study the author used multiple datasets to create thematic maps to display reasonings as to why an individual or a group of individuals may or may not take a vaccine:
The first thematic map was built based on the unemployment rates within Wales based on individuals aged between 16-24 separated into county borough boundaries. As demonstrated below the areas displaying high unemployment rates are Rhondda, Cearphilly, Swansea and Cardiff. 
Hypothesis:
Areas highly populated with unemployed individuals are less likely to have a high uptake in the vaccination programme. There are many contributing factors as to why this could be, unemployed individuals are less likely to access areas where vaccination mandates or vaccine encouragement could potentially be in place such as a workplace [4]. Individuals who are unemployed are less likely to need to travel using public transport due to not needing to commute during peak times therefore the risk of COVID-19 transmission is lower. It is less likely that those who are aged between 16-24 are less likely to take the vaccine due to a general lower risk for those who are younger [5]. In addition to this due to lack of research it is possible that young females may be less likely to take the vaccine [6].
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The second thematic map displays the prevalence of individuals with a religious belief within the county borough boundaries. Based on census data this theme displays high rates of those with religious belief across Swansea, Carmarthen, Cardiff, and Rhondda Cynnon Taf. This data set includes all religions and all individuals from Black, Asian minority ethnic backgrounds.
Hypothesis:
Some religions have concerns, restrictions, and prohibitions against immunisations [7]. Although this is not relevant for all religions it is likely that areas with a high prevalence of religious individuals are less likely to have a high uptake in the vaccine programme. There is potential that the ingredients in the vaccine are against Sharia Law in Islam due to containing non-halal ingredients making it Haram [8]. In addition to Islam there are multiple religious groups which may have restrictions to the COVID-19 vaccine based on past immunsation programme uptake, this includes but is not limited to [9]:
· Buddhism
· Jainism 
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Using an alternative display method, the third thematic map displays the areas suffering high deprivation within each county borough. Deprivation otherwise known as poverty is the lack of materials that society considers a basic necessity [10].
Hypothesis:
Those who are classed as socially ‘deprived’ are more likely to take the vaccine due to a higher risk of suffering with one or multiple health issues. According to results from the National Survey for Wales individuals from deprived social communities are 15% more likely to smoke, meaning a higher risk of respiratory related illnesses such as COPD (chronic obstructive pulmonary disease) [11] making them more vulnerable in the event of COVID-19 transmission. It is more likely that individuals suffering from poverty have poor living conditions for example damp within the home, in addition to smoking this can be a factor and contributor to respiratory illnesses. In addition to the risk of respiratory illness poor living conditions can lead to an increase in bacteria in the home resulting in delayed recovery and the risk of transmitting other infections. The below Map shows Cardiff as being the area suffering from highest population of deprivation.
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To enable the author and users to differentiate and measure the hypotheses highlighted above the author used COVID-19 vaccination data. The thematic map displayed below outlines the percentage of individuals within Wales who took the first dose of the COVID-19 vaccination based on County Borough boundaries, these boundaries were used for future comparison. Based on the above hypotheses the below data should be consistent with:
· High religious population = low vaccine uptake
· High unemployment rates = low vaccine uptake
· High poverty population = high vaccine uptake 
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Following the inclusion of COVID-19 dose 1 data the author continued to add a thematic map including the COVID-19 booster uptake for all Wales within county borough boundaries for comparison purposes. The results and theme should remain similar or the same for both maps with a high and low uptake in the within the same areas creating a pattern/theme as individuals who took the first dose of the vaccine are likely to have had the booster vaccination.[image: Map
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The final all Wales thematic map displays the COVID-19 death rate, this differs to the other thematic maps as this data is displayed using the local health board boundaries as this is how Welsh Government record and report against this data. Including the death rates by local health board will provide an overview of how increased deaths within certain boundaries can affect individual choices and increase the chances of certain Local Health Boards noticing a high uptake in the vaccination programme. 
Hypothesis: 
It is likely that the local health boards and the areas within the local health boards with the highest death rates recorded are more likely to see a higher uptake of the vaccine. According to the hypotheses above, areas with a high population of poverty will have a higher death rate due to general ill health and higher risk of respiratory conditions [12]. It is likely that those who are living in the areas affected by a high death rate linked to the pandemic are likely to have individuals who have personally been affected by the COVID-19 pandemic therefore are more likely to take the vaccine to protect themselves and families.
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Health Board Specific 
Following the analysis of COVID data based on all Wales data the author proceeded to focus on a specific area to compare and identify themes using the same hypotheses to review the success of the Mass Vaccination Programme within a specified area.
The author proceeded to create a new map specifying the county borough boundaries within the Cardiff and Vale Local Health Board. This will provide the healthcare professionals insight into a specific area in which the mass vaccination programme was successful or unsuccessful.
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The author proceeded to create a custom dataset which was used to identify and plot the mass Vaccination Centres within Cardiff and Vale Local Health board [13] (Acronym created to display mass vaccination centres, should be MVC but displayed as MCV below, this is a typographical error mass vaccination centres). Displaying the mass vaccination Centre sites allows both the author and users to identify areas where mass vaccination centres may be more accessible within the specified area. As evidenced below there are three vaccination centres within the specified local health board located on one side of the boundary area.
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The author proceeded to include additional topographical data, the main A roads (single and dual carriageways) and M4 to the local health board specific map. This provides insight into the accessibility of the specified local health board mass vaccination centres.
Hypothesis: 
As displayed below the mass vaccination centers are all easily accessible via an A road meaning that the vaccination uptake should be high within those areas. However as evidenced below the mass vaccination centres are all located on the right side of the map two located in the Cardiff area and one located within the Vale of Glamorgan however, as a result of this the Vale of Glamorgan may experience a lower uptake of the vaccination.
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Following the inclusion of additional topical data, the author added thematic maps/data to identify patterns within the local health board this will be used for comparison later in the report. The data used is based on the all Wales data discussed above broken down into a specific area.

The below thematic map displays the areas within the local health board highly populated by individuals with religious beliefs. The below map identifies two areas highly populated by individuals with religious beliefs, the highest population being in Cardiff and the other in the Vale of Glamorgan. As hypothesized above due to religious beliefs these highly religious populated areas are less likely to have a high uptake of the COVID-19 vaccine [7]. 
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Following a similar pattern to the All-Wales thematic maps the author continued to use the same data for the specified area. Below is a thematic map displaying the areas with the highest unemployed population. As displayed below ‘Bayside’ surrounding the Bayside mass vaccination centre is highlighted as the area with highest population of unemployed individuals. 
Hypothesis:
As specified in the All-Wales map hypothesis the highlighted area is likely to have a low uptake of the COVID-19 vaccination due to unemployed individuals being less likely to require access to public transport to commute and less likely to need to access establishments where the vaccination may be mandated or encouraged [4].
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Continuing to follow the pattern the author included the deprivation rates within Cardiff and Vale Local Health Board. The below map continues to follow the same trend with Bayside and Surrounding areas showing the highest deprivation population.
Hypothesis:
Areas with high deprivation population are more likely to experience a high vaccination uptake due to individuals in that area being more likely to be within a risk group [12]. 
The displayed data on the below map however displays that the areas within the Cardiff and Vale health board with a high poverty population have a high population of unemployed individuals and individuals with religious beliefs. Therefore, there is a contradiction based on hypotheses as this area would be more likely to have a high uptake of the vaccination based on poverty.
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To conclude data collection and thematic data for Cardiff and Vale local health board the author added the data for uptake of both dose 1 of the COVID-19 vaccine and the booster vaccination. Both maps are consistent with previous data. This demonstrated that Bayside and surrounding areas had the highest uptake in both dose 1 and the booster vaccination. Both Maps should contain similar or the same data as it was hypothasized above that those who took the first dose of the vaccine are more likely to have had the booster vaccination. This will allow the author and health care professionals to understand patterns and themes within the displayed data.
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Task 2 - findings
Introduction
This report will use Geographical Information Software to analyse the findings from a Geographical information system used to inform healthcare professionals on the uptake of vaccination programmes. This report will include All Wales Data based on the COVID-19 mass vaccination programme collected from multiple sources such as The Welsh Government and WIS (Welsh Immunisation System) [14].
The author will use information from a Geographical Information System to analyse and discus findings based on All Wales data and Local Health board specific data. The Local Health Board discussed in this report is Cardiff and Vale University Local Health board. The author will discuss how religion, and socioeconomic status could affect the vaccine uptake within specified areas. The Author will discuss common themes and how they contribute to the data findings while providing visual aids collected from the Geographical Information System build. The author will conclude by discussing future recommendations, case studies that could further aid or support the findings and an overall result of the data findings. 
As the author has measured the below data on Local Health Board level spatial queries are not applicable.
Methodoly 
Maps provide visual representation of quantifiable data, providing a visual aid for better understanding of complex data [15]. Geographical Information Systems maps are interactive allowing users to add, remove and view layers of data based on large datasets displaying relevant themes and information required to complete and analyse a topic/case study  [16]. GIS mapping allows a user to visualize separate elements of large complex datasets separated into themes displaying patterns over time across a multitude of topics [15]. There are multiple maps used within GIS, in this report thematic maps will be discussed. Thematic mapping in Geographical Information Systems can be focused on an individual topic or multiple ideas to support data analysis [2]. 
Results, findings, and data analysis/discussion
The Geographical Information System build highlighted several themes and trends, for the initial build the author identified and hypothesized three main themes across all Wales, identifying areas within Wales with high population of those between the ages of 16-24 who are unemployed, areas within county borough boundaries with a high population of individuals with religious beliefs and deprived areas within the county boroughs. The author then quantified this data and focused on a specific local health board while maintaining the hypotheses to identify the success of Mass Vaccination Programmes within Wales. Below the author will discuss and analyse the data found using evidence based research to identify if the data corresponds with the origional hypotheses.
Unemployment is when an individual is actively seeking employment but is unsuccessful in doing so [17]. The Geographical Information System build displayed areas highly populated with unemployed individuals between the ages of 16-24. The Geographical Information system showed that areas surrounding the Bayside mass vaccination centre within Cardiff and Vale Local Health Board has a high population of unemployed individuals. The author hypothesized that this area is likely to have a low uptake on the vaccination programme. However, this hypothesis disproved as the area highly populated with those who are unemployed had an uptake of 94%. 
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[bookmark: _Hlk102732333]Although the hypothesis was disproved the vaccination data is based on all individuals within a specified area regardless of age therefore the data does not reflect the individuals captured within the unemployed theme. To enable the collection of accurate data the author would need to create a new thematic map measuring the vaccine uptake of those within a certain area focusing on age. There are many contributing factors as to why young individuals may have proceeded to take the vaccine. The mandate of the COVID-19 passport to enter establishments such as cinema’s, bars, restaurants, and night clubs increased the vaccine uptake. The individuals most likely to use these establishment are aged between 18-24 [18]. Research shows that younger women were less likely to be vaccinated due to the unknown risks and research surrounding fertility [6].
Although within the local health board the hypothesis was disproved the All-Wales data provided a different outcome. With areas with a high unemployment rate displaying the lowest uptake of the covid vaccination based on county borough boundaries although as evidenced below the uptake is still significantly high at 96.2% within the lowest boundaries for the first dose of the vaccine.
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Within the Cardiff and Vale Local Health board the Geographical Information System displayed that there are two main hot spots within the Local Health Board boundaries with a high percentage of religious population (displayed in a darker green colour). Due to religious beliefs and reasonings it was hypothesized that these hotspots are more likely to display lower uptake of the vaccine [9]. 
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This hypothesis was disproved, as the data displays below that the area with the highest population (bayside and surrounding areas) are consistent with the area’s within the Local Health Board boundaries with the highest uptake of the vaccination for both Dose 1 of the COVID-19 vaccination and the booster vaccination as displayed below. 
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Research shows that many religions do not prohibit immunisations [7], especially in the event of a global pandemic exeptions may be made. The data collected represented individuals from all religions, meaning areas with a high religious population could include:
· Christianity 
· Buddhism
· Hinduism 
· Judaism 
The above religions do not prohibit or restrict the use of immunisations. Many religious groups include a high population rate of those from Black, Asian Minority Ethic backgrounds for example Islam. During the COVID-19 pandemic Public Health Wales Statistics show 35% of COVID-19 related deaths were of those in BAME groups, with an increased risk of death for these individuals (2.0 times higher risk for males from black ethnicity and males of Bangladeshi, Pakistani and Indian ethnic backgrounds 1.5 times higher risk than white males [19]. Based on the data displayed and supporting information religious beliefs are not likely to effect individual decisions to be immunised against COVID-19 in addition to this based on research findings individuals from BAME backgrounds are more likely to be vaccinated as they are in a high-risk group. 
The Geographical Information System findings for Cardiff and Vale Local Health Board display an emerging trend with Bayside and surrounding areas also having the highest population rate of those living in poverty consistent with the unemployed and religious with a Mass vaccination centre based central to these areas. 
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The Geographical Information System supported the hypothesis that areas higher populated with individuals suffering from poverty are more likely to have a high uptake of the vaccine although based on the data findings this contradicts hypothesis based on unemployment and religion, however findings are consistent with the emerging trend. 
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Research shows that 28% of individuals who live in income poverty are smokers in comparison to 13% in affluent parts of Wales [20]. Individuals suffering from respiratory conditions are more likely to be high risk in the event of COVID-19 transmission, study’s show that the most common cause of COPD is smoking [11]. Similarly, individuals who smoke are at higher risk of developing lung cancer with statistics showing that 70% of Lung cancer cases are caused by smoking [21]. Based on research individuals reveled those individuals suffering from COPD were associated with poor outcomes in patients who tested positive throughout the pandemic increasing the likelihood of vaccine uptake [22].
It was hypothesized that the uptake of booster vaccinations would be the same as the dose 1 of the vaccine, meaning that those who took the first dose of the COVID-19 vaccine would have also taken the booster vaccination. However, the GIS build demonstrated that there was a decrease of booster the results were consistent across both the county borough and health board specific data with a reduction of 3.9% for areas reporting highest uptake for dose 1. 
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The pattern remains consistent with a 3% reduction in vaccine uptake within Cardiff and Vale health board.
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There is a lack of fundamental data to explain the reasonings behind the reduced uptake of the COVID-19 booster vaccination. The COVID vaccination data used for analysis was extracted from 	WIS (Welsh Immunisation System) on 02/03/2022 displaying data from 27/02/2022 therefore the data could be deemed as outdated. WIS is a patient information system built by Digital Health and Care Wales (formally known as NWIS) used to store, manage, and distribute reporting of the Wales COVID-19 Mass Vaccination Programme [14]. Due to vaccination mandates for travelling there may be an increase in boosted uptake since this data was extracted. If the author was to continue this build it would be beneficial to use real time data where possible to provide an accurate picture of Vaccination Programme Status.
The Geographical information system displayed one map by Local Health board only on an all Wales basis. The author did not discuss this linked specifically to the Local Health Board however, it was hypothesized that the areas displaying a higher death rate such as areas within Cwm Taf Morgannwg, Aneurin Bevan Health Board, and Betsi Cadwaladr University Health Board would see a higher uptake of vaccination due to the likelihood of direct impact of the COVID-19 pandemic to individuals within those areas. 
[image: Map

Description automatically generated][image: A picture containing table

Description automatically generated]

However, some areas within Cwm Taf Morgannwg Health Board and Aneurin Bevan Health board show a lower uptake of the vaccination programme for dose 1 (displayed in second lightest colour of purple). Contrary to the first dose, the data shows that these areas have had the highest uptake in booster vaccination based on the data displayed below.

[image: Map

Description automatically generated][image: Table

Description automatically generated][image: Map

Description automatically generated][image: Table

Description automatically generated with medium confidence]


Conclusion and recommendations
The Geographical Information System showed that the Mass Vaccination Centers within Cardiff and Vale Health Board have been situated local to A roads single and dual carriageways, making the centers easily accessible.
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If the author was to continue the GIS build for this case study they would include public transport data, this would further support the hypothesis that the vaccination centers are situated in accessible areas resulting in a likelihood of high uptake within that specified area. In addition to the accessibility data the author would include Test site locations to enable users to assess if local test centers are situated near Vaccination centres. In addition to this the author would recommend that another mass vaccination centre was opened within the Vale of Glamorgan (left hand side of the above map) to close any gaps and enable access to individuals across both Cardiff and the Vale.
If the author was to expand on or re-create the GIS they would include more thematic maps including data based on individuals from BAME backgrounds, this would provide insight into what areas within specific county boroughs and boundaries have a higher population of individuals from BAME backgrounds. This would provide insight into how ethnicity plays a role in the effects of a global pandemic. Similarly, the author would use religious data however rather than including all religions the author would categorise the data to reflect those with a higher population of BAME individuals and compare these areas.
As well as the COVID-19 Death rate by Local Health Board map it would be useful for the author to create a similar thematic map displaying age and risk group, this would allow Health Care Professionals identify if age and risk group have a particular effect on COVID-19 deaths for example if a large area of a Health Board was populated with individuals over the age of 70 with underlying health conditions then it would be expected that the death rate would be higher than a city populated with majority of individuals aged between 16-30 with no underlying health conditions.
The dataset used within the GIS build focusing on unemployment rate across Wales focused on a specific age group (16-24) the author would further expand this data using economically inactive as this data captures individuals from 16-74 meaning that in comparison with Welsh Government vaccination uptake data the comparisons would be more accurate. In addition to this the author would include age comparisons for both the COVID-19 data and to identify the most prominent age within county boroughs comparing this with COVID-19 vaccination data to identify if there’s an age category more or less likely to take the vaccine.
Other things the author could consider in future research:
· Opening times of the vaccination centres
· Accessibility for the elderly, is there wheelchair access.
· Are the centers appointment based only
In addition to this the author would compare Local Health board data using potentially Cwm Taf Morgannwg Health board or Aneurin Bevan Health board to identify common themes. For example: 
· Are areas with higher rates of unemployment showing highest COVID-19 vaccination uptake
· Are areas highly populated with religious individuals showing a high COVID-10 vaccination uptake
· Are there common themes displayed in the data, what’s the same and what’s different?
the addition of these thematic and topical maps would provide further data and comparisons providing more insight into the success of the COVID-19 Mass Vaccination Programme.
In addition to the sociodemographic data the author would undertake a supporting case study to compare the results of previous mass vaccination programmes which have taken place within Wales prior to the COVID-19 pandemic. This would allow data analysis and comparative data to be displayed.
To conclude, the Geographical information system demonstrated that the COVID-19 vaccination programme has been successful on an All-Wales basis with an uptake of up to 97.9% for dose 1 with the lowest uptake being up to 96.2%.  Similarly, the Geographical Information system demonstrated that the COVID-19 mass vaccination programme within Local Health Board Cardiff and Vale has been successful with an uptake of 94% for dose 1. Using both familiar county borough data and highlighted Local Health Board data provides a thorough overview and comparison displaying patterns and themes across the country. Although the data displays the vaccine uptake based on Mass Vaccination Centers within Wales and Local Health Boards pop up vaccination centers have not been included organisations such as Velindre University NHS Trust, Tesco Extra and more hosted local pop-up vaccination centers to support at the beginning of the vaccination programme. The data for these centers have not been included within the GIS. Overall, the GIS demonstrated a high uptake across Wales for the COVID-19 Mass vaccination programme.
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