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Introduction

This report will aim to discuss the creation steps and results of a graphical information system build. There will also be documentation of the creation of thematic maps, special queries, and spot data to show findings discovered from its creation. This first section will go into more detail on the steps involved with creation. Then the second aspect will be a report on the hypothesis, and conclusions, found from the ranges the GIS build. 
(Some of the images within this report have been scaled down so that the pages have room to show text and content created. To counter any blurry images, please zoom in when required, as when scaled up again the images are clear).

Collection of Welsh Census Output Areas

To gather some maps, we can use the UK Data Service [1], there are several maps available for free which can be used within MapInfo for our GIS build.
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To be able to show data on a map within MapInfo Pro, a Census Output Areas Map can be used. For this example, Swansea has been selected. The format that this will be downloaded in a MapInfo(native format). This is allowing us to then use this information within MapInfo with less chances of errors occurring as it is a file that is understood by the software. 
Now that we have the data downloaded, it needs to be stored so that we can retrieve it later when creating the GIS solution. 
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Also, to be used within MapInfo, the Middle Super Output Areas and the Lower Super Output Areas maps have been downloaded. These will be able to show more detail and possible differences between areas within the focused location of Swansea. 
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Opening Boundary Data in MapInfo Pro
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To open our boundary data in MapInfo we just have to click ‘open table’, then navigate to our file. Once this is done we can select it and it will open into MapInfo.
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Description automatically generated with medium confidence]
This is now what we see within MapInfo, we can now use this map, to create our themes, special queries, spot data, and layers. In addition to this map, we also have the MSOA and the LSOA of Swansea that will also be brought into MapInfo.



Collection of Population Statistics
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Within InFuse 2011 [2], data about age, sex, deprivation, vehicle access, and occupation are just some of the data topics that can be collected from the selected areas of the UK. 
For this example, Swansea, one of the local authorities of Wales has been selected. This is because we have the maps from the UK Data Service. 
This is important as we will be able to use to present this data through the creation of themes using both the data and the maps. Possibly highlighting potential reasons for data being the way it is.
We will also download data for the Lower and Middle Super Output Areas of Swansea to be able to create a more detailed version of the themes so that more conclusions can be suggested and put forward. 














Following the previous step, we then need to select the topics which we would like to collect data for. In this example, general health will be collected.
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Now that the topic is selected we can use the tick boxes to select all of the data we would like which is all the General health topics. Once pressing add we can then download the data and give it a valuable name. Then we need to store it within a place we can retrieve it so that it can be used within the creation of the GIS build.
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Manipulation of Data

Now that we have the data from the UK Data Service we can change the data so that it makes sense within MapInfo. When opening the data that has not been edited it has the appearance of the below table. We need to change this so that it is more understandable and useful so that data that is not needed is removed and what is needed is correctly formatted.
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Below is one of the datasets that have been manipulated to be useful. The columns have changed names so that they are meaningful. Some columns have been removed which were unnecessary for later use. So now the example dataset is ready to be used within MapInfo, alongside the other datasets that we have collected.  
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The previous steps have been completed for a number of other datasets which will be used within the build to make sure that they are all the same quality and usability standard. 
These are some of the folders which contain data based on Swansea. This for example is Deprivation, General Health, and Car or Van data for all the output areas in Swansea, the Lower and Middle Super Output Areas (LSOA, and MSOA). These will be able to be opened similarly to the output area maps. This data will then be able to be used to produce thematic maps and special queries to present data within the GIS build. 
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Collection of Digimap Data

To be able to create a layer with some road infrastructure information, Digimap [3] can be used to download accurate and reliable data about the UK’s roads. This website is especially good as MapInfo files can be downloaded, meaning that the software already understands the data and can be interpreted and used to produce recreated road map layers. 
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For our data we need to use the Ordinance Survey section, and then the Data Download on the right. 
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Now that the area selected and confirmed, Digimap allows us to use the number of drop-down boxes on the left-hand side to select data. This is so that we can select an area and retrieve the data we select to download. From these boxes, the layers downloaded will then be able to be opened into MapInfo. 
The following are the layers selected. These will give access to road information and greenspaces. For example, these cover ‘A’ roads, motorways, buildings, and infrastructure that appears in the area.  
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We can then open a version of these that we have selected from the large folder to choose the layers that have been selected to be used.
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Now that the data is within the workspace we can edit this area down to just focus on what we need. Swansea is the focus for this layer so all of the data around Swansea is not required. 
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Now we can see the main area of Swansea and the roads connecting throughout. From this layer, we can then select to only display the road types which we would like. We can do this by looking through the table that is used to create this layer and then selecting “A roads” from the function column. This will give us a layer containing only the A roads. 
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This is now the final layer created from the road type being selected within an SQL select statement. This layer can then be used alongside other layers to show the potential reasoning behind data appearing the way it is. 
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Creation of Vaccination Centers Table

To be able to see where the vaccination centers/booster uptake centers are within Swansea, we can check on NHS Wales [4]. With this information and prior knowledge, we can create a table within Excel that can be used to plot the locations of the centers. 
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These are the test centers, postcodes, latitude and longitude coordinates, and details about the centers. We will be able to bring this into MapInfo and use the coordinates to plot the locations of these centers on the map. To do this we can open it in map info.  
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Now that we have this data on its own later we can give it a uniquely identifiable shape so that we can see what they are and understand what they are, and we can select to turn the labels on for these centers so that we know which is each. We can then use this with thematic maps to show possible reasoning for data appearing the way it does, once created in the GIS build.  

Opening Table Data in MapInfo Pro

Now we have useful data that has been manipulated and mapped to present data. Some layers to identify roads and point data to identify the vaccination centers. We can create some thematic layers to represent the data. This can be done by selecting the data set we would like to map. For this example, it will be DataDeprived_MiddleOA_Swansea. This file name is used for the data that is about deprivation in Swansea and the middle super output areas. 
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To open this data within the map info build we need to go to “open table” on the home tab. Then navigate to where the data is stored and change the file type to TAB. This is because we want to access a table. 
[image: A screenshot of a computer

Description automatically generated with medium confidence]
This is the data within the table. We can see that there is a GEO_CODE. This will be what is used to link the data on the table to the locations on the middle super output area map that was also downloaded and has been brought into the build. 

Geocoding Maps

Now that we have this data we can geocode. The table is selected first as this is what map we want the data to display on. Then we select the data that we would like to get the data from to put it onto. Then clicking okay will GEO_CODE this data to the correct areas. 
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Now that we have this data geocoded we can use a symbol to identify the data. For this data, we will use a blue circle. 
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Creation of Themes

To create these themes for our GIS build, we can use the maps that we have geocoded to create visual representations of the data that we have. To be able to create a theme we have to first open the map menu and then use the add theme button. 
[image: ]
Now that we have selected a theme to use, we can then select the table we would like to put the data on and then select join. Having this join selected will bring up the following window. 
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This can then be used to select the table which is storing the data which is going to be used. The calculation is the value as this is what we want to be looking for within the table. And ‘of’ is the selection of the cell to be used. In this case, it will be the deprivation to the 4th dimension. This will then create a theme of the most deprived to the least using the colours. 
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These are then the values that will appear in each section of the colours. These colours will cover the appearance of the map so that the areas with the most deprived areas will be the darkest and then the least with be lightest. We can then use this theme to suggest possible reasoning for data being what it is. 
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This is the final appearance of the theme once created. This will be done for all of the tables and maps collected to show possible reasons for the data being the way it is. They will all be created with the intention of possibly being used. 


Bing Aerial Uses

MapInfo has some layers that are not required to be made and are simply added/ dragged onto the workspace. One of these layers is called ‘BingAerial’ [5]. 
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Above is an example of how this layer can be used, it shows a layer with the map of the world with a transparency of 40%. We can use this then similar to content from Digimap to show us what the landscape looks like within the areas of Swansea. With this example also having the Swansea MSOA map and vaccination centers combined, it gives us a lot of information that can be used to help form and come to conclusions.  

Collection of Public Health Wales Data

Within this GIS build there will be data used from the Rapid Covid-19 Surveillance accessible via public health Wales [6]. This data is going to be stored in a file called ‘CovidData’. Data like this is required to be able to test hypotheses and come to conclusions. From what is created within the GIS build and the data within these tables, we can form some possible conclusions or reasonings for the way that the data is occurring. 
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Within this spreadsheet, it contains a number of sheets that have data on the Tests by Specimen Date, Cases by MSOA (Middle Super Output Areas), Age and Sex Distribution, Deaths by Date, Deaths by LHB (Local Health Board), and Total Tests Authorised. All of this data is focused on in the second section and can provide potential insight alongside the GIS build as to why the data is following the trends that it is. 



Task 2: Report

Within the first assignment of this module, a presentation was given about the proposal for this assignment and the path that had been selected. To reiterate this path the topic chosen was to investigate COVID-19 Surveillance Data. To continue from this topic outlined previously a GIS (Geographic Information System) build has now been created and documented, within the first task of this second assignment. 

Hypotheses 

However, now that the building phase has been completed, we can use this to help us prove whether some hypotheses are true or false. 
· The first of these hypotheses is that the general health of people within households influences the COVID-19 cases, vaccinations, and uptake booster vaccine data. 

· The second hypothesis is that output areas with more and less accessibility to personal vehicles (cars or vans) will have a connection to the COVID-19 data and potentially be a reason for the number of cases, vaccinations, and uptake booster vaccine data. 

· The third and final hypothesis is that levels of deprivation in the output areas of Swansea could appear to shape COVID-19 cases, vaccinations, and uptake booster vaccine data collected and provide potential reasoning for why it appears the way it does within output areas.

Before testing our hypotheses, we may want to review the data collected to obtain a sense of what's going on in the Swansea area. The health boards of residence in Wales are visible in the VDDW table. We may view the number of individuals who received vaccinations in doses 1, 2, and 3 as well as the booster after selecting Swansea and the Wales totals. Although it is stated that the data should be "interpreted with caution," it is not entirely correct. This implies that the values might not be entirely indicative of the outcomes, but it still provides a decent approximation. 
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The number of individuals who have received both the initial immunisation and the booster shot is displayed in the table above. As you can see, a sizable number of individuals have had all three doses as well as a booster for Wales. Additionally, when focusing on Swansea, we can see that this trend of data rising and falling follows the same pattern. While looking at infographics [7] made with themes and trends, we may use this knowledge to then test the hypotheses set out. Additionally, examining the outcomes of task one might help us understand why the results we have generated from the data collected, have come to the conclusion that they have. 
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Furthermore, we can observe from the VDDW table above that the ages of those receiving the vaccination and booster range from 12-80+. This table also shows the number of people who could and have received vaccinations in Wales. Additionally, individuals who have gone for a second and third dose plus a booster immunisation. We can use this data plus the data collected about general health, vehicle access, and deprivation to see if there are any trends that could link between these numbers appearing the way that they have. 


Testing Hypothesis 1

To test the first hypothesis, we can look at the GIS build for the three themes created around General Health. These themes are the Ranges by ‘TotalGeneralhealth’, ‘Vghealth’ (very good health), and ‘VBhealth’ (very bad health). This data has also been collected for the MSOA (middle super output areas), LSOA (lower super output areas), and the Swansea OA (output areas). Below are the maps titled accordingly. 
For the series of maps below we can see the output area maps of Swansea and the vaccination centres that are in and around Swansea. The context of the ranges can be found within the boxes to the right of the maps, showing the numbers corresponding to the colours that have been used. 

Ranges by Very Good Health, on Swansea MSOA
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The data presented would suggest the areas around the vaccination centers and in areas closer to the city center generally have higher numbers of very good healthy households. This could be that there are more healthy households, or that there are generally more people there too meaning that the numbers are higher for these locations but looking at some other data like the total and worst health could give more insight into the data and the presentation of it within this infographic.







Ranges by Very Bad Health, on Swansea MSOA
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Within Swansea, we can also see that some of the middle super output areas have far more very bad health households than others. From some having only 57 – 98 and the higher having 223 – 305. However, comparing these figures to the number within the very good health infographic, the very bad health households are only a small fraction of the general number of households. We can see now that generally, Swansea has more areas with very good general health than it does very bad.
Ranges by Total General Health, on Swansea MSOA
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The data would suggest that there is more need for vaccination centers to be around these locations to deal with the demand for vaccinations, boosters, and uptake vaccinations. Also, the data within the VDDW table could suggest that this was successful considering the first two doses were undertaken by at least 280 thousand people. 
Ranges by Very Good Health, on Swansea LSOA
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Looking at this version of the Very Good Health infographic we can now see where more of the generalised data is made up from. There are more areas within Swansea that now are deemed higher as their shared areas within the middle super output areas are no longer grouped together. This also gives us more insight into which locations near the vaccination centres are very good and which appeared to have been better than they now seem. 
One larger difference between these versions of the maps is southwest of Swansea. These locations previously appeared to be on the lower end, having fewer households with high general health. However, now we can see that particular areas within this scope might have been a cause for it being less. Now that the range values are less too for the areas, this could also have some impact on why they still appear to be better. This data suggested that people might have been more willing to have their vaccinations as the data showed high numbers of very good health households, meaning there are fewer people likely to not get vaccinations for problems such as “weakened immune systems” promoting “herd immunity” [8]. Meaning that the side effect of the virus will be less and make it “harder to spread the disease” [9].









Ranges by Very Bad Health, on Swansea LSOA
[image: A picture containing map, atlas, text

Description automatically generated][image: A screenshot of a test

Description automatically generated with low confidence]






Within this version of the Very Bad Health, the lower super output areas also see a drastic change. Even though the number for these areas is still very low compared to the very good health we see that they are more spread out throughout Swansea. This could be a reason for people not having the later covid vaccinations, boosters, and uptake vaccinations. In more areas around Swansea, if someone is not eligible or able to get one for health reasons it could explain why the uptake numbers are lower over time in some areas. 

Ranges by Total General Health, on Swansea LSOA
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Now we can see the total health on the lower super output areas map and compared to the middle super output areas map we see a more consistent colouring. We can now identify some areas that may have performed worse through COVID-19 because general health is a potential reason for this. To get an even further accurate representation and breakdown of the data collected we can look at all of the OAs in Swansea. This will provide a theme to show which areas are the most contributing output areas and the less specific output areas on the maps. 
Ranges by Very Good Health, on Swansea OA
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Now we can see the fully broken-down infographic of all the output areas within Swansea. We can also see that surrounding the vaccination centres there is a lot of areas with a high number of households with very good health and some areas that are also very good health further away from the centres. 
Ranges by Very Bad Health, on Swansea OA
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Comparing the very bad health infographic to the very good health we can see a higher variation in where the households are located. The number of these households is a fraction compared with one another which could suggest that maybe health was not a large reason but maybe a contributing reason as to why the uptake was less within these areas and Swansea in general.  
Ranges by Total General Health, on Swansea OA
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Finally, within the last infographic, it is clear to see that there is also a large variation within the households and the general health around Swansea. We could suggest that maybe the reason that uptake, boosters, and vaccinations number went down over time was because a majority of people were healthy. We could suggest that their bodies, matched with the previous set of vaccinations allowed them to manage well enough when catching COVID-19. Furthermore, the vaccinations prevented transmission enough to reduce the number of people being required to go and get vaccinations to deal with the effects and severity. 

Testing Hypothesis 2

To test the second hypothesis, we can look at the GIS build for the three themes created around Vehicles within Swansea. These themes are the ranges by ‘Four Cars or Vans + per household’, ‘No Cars or Vans per Household’ and ‘Total Cars or Vans per Household’. This data has also been collected for the MSOA (middle super output areas), LSOA (lower super output areas), and the Swansea OA (output areas). Below are the maps titled accordingly. 
For the series of maps below, we can also see the vaccination centres that are in and around Swansea. The context of the ranges can be found within the boxes to the right of the maps, showing the numbers corresponding to the colours that have been used. 
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Ranges by Four Cars or Vans + per Household, on Swansea LSOA
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Ranges by Four Cars or Vans + per Household, on Swansea OA
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By looking at the three maps we begin by believing that generally, the areas furthest away from the city centres have the highest number of cars per household. This is because there is a larger number of output areas occurring throughout the middle super output areas map. However, when the infographic is taken down to the lower super, and all output areas we can interpret this data more accurately. From the corresponding numbers that cars per household, we can see that the ranges do not vary in sizes unusually apart from the highest of the range. This shows that the other ranges within the infographic are quite close together. 
This could suggest that transportation to vaccination centres might not have directly been a problem for people outside of the main city area. However, for those within the city, we can see a large number of output areas towards the lower end of the ranges. This would suggest that they would have to rely on other forms of transport including public transport, walking, taxis, and cycling to list a few examples [10]. This could also suggest that within these times people might not have wanted or had the ability to leave their houses to go and get multiple boosters, vaccinations, and uptake vaccinations. This could be a suggestion as to why the numbers went down after the first two doses. 









Ranges by No Cars or Vans per Household, on Swansea MSOA
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Ranges by No Cars or Vans per Household, on Swansea LSOA
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Ranges by No Cars or Vans per Household, on Swansea OA
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The three maps above show the households within the output areas which do not have any vehicles. We can see through the different versions that the areas around the city centre appear to have the most households with no vehicles. The output areas do spread out further than the centre when looking at all of the output areas within Swansea and this could potentially be a reason as to why some people had difficulty travelling to get their vaccinations, boosters, and uptake vaccinations. 
These areas as previously stated could also rely more on forms of public transport, taxis, cycling, and walking which could explain some of the numbers appearing for not only the vaccinations but the number of tests that have been conducted in these areas. If people are limited as to how they can get to the centres the numbers could have possibly been affected by this.  
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Ranges by Total Cars or Vans per Household, on Swansea LSOA
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Ranges by Total Cars or Vans per Household, on Swansea OA
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Now that we can see all three maps for the total cars or vans per household, we can see how important it is to know the difference between the output areas. From the MSOA map of Swansea presenting this data, we would possibly suggest that the number of cases, vaccination uptake, and booster uptake may be affected greatly as the southwest of Swansea has far fewer households with vehicles and as they are further away from the vaccination centres this could have been a strong reason. However, when broken down into all output areas we can see that small areas within and around Swansea have greatly affected the view of the less accurate super layers. We can now suggest from this data that, some areas within Swansea may have encountered transport to vaccination centres as an issue, resulting in numbers being less. 













A Roads within Swansea, on Swansea OA
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From the map above we can now see the output areas and the road networks. The purple roads highlighted are ‘A’ roads [11]. These roads are able to take large amounts of vehicles of many variations of sizes. We can see that throughout the northeast and southeast, there are a generous amount of these roads. However, around some of the vaccination centres there are lots of smaller roads that could be more likely to build up traffic and congestion through lots of vehicles being there at times. 
This could be an issue that has led to people being prevented from getting vaccinations. This is down to vaccinations and uptake boosters being required to have appointment times through the earlier times of COVID-19 and throughout until the current day. The general public who were stuck in traffic and not being able to attend these appointments could have impacted the number of potential people being found with COVID-19 and having positive cases, as well as the number of people not being able to get tests and vaccinations as to actually how many were able to have been done if this aspect was not an issue. 





Testing Hypothesis 3

To test the third hypothesis, we can look at the GIS build for the three themes created around Vehicles within Swansea. These themes are the ranges by ‘Not Deprived’, ‘Deprived to the 4th Dimension’ and ‘Total Deprivation’. This data has also been collected for the MSOA (middle super output areas), LSOA (lower super output areas), and the Swansea OA (output areas). Below are the maps titled accordingly. 
For the series of maps below, we can also see the vaccination centres that are in and around Swansea. The context of the ranges can be found within the boxes to the right of the maps, showing the numbers corresponding to the colours that have been used. 
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Ranges by Not Deprived, on Swansea LSOA
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Ranges by Not Deprived, on Swansea OA
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From the three ‘Not Deprived’ maps above, we can see the different output areas and the ranges they have been given according to the data collected. We can see that there are very few areas when looking at the output areas map that has little deprivation. We can also see that the data is showing that lots of areas are deprived to some degree as they are between the ranges of ‘0-1’. On the MSOA and LSOA, these ranges are showing that a higher number of output areas within Swansea are not deprived, however, when broken down we see that this isn’t the case and that more areas are deprived within Swansea. If these were made available in more locations, the number of uptake vaccinations might have been improved and resulting in better herd immunity. Additionally, this is suggesting it might not be the case. We could also argue that it might have caused the numbers to have fallen from the original first and second doses of the COVID-19 vaccines. 

Ranges by Deprivation to the 4th Dimension, on Swansea MSOA
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Ranges by Deprivation to the 4th Dimension, on Swansea LOA
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Ranges by Deprivation to the 4th Dimension, on Swansea OA
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From the output area maps above the data suggests that there are multiple areas throughout Swansea that have little numbers of households deprived. The differences between the three we can slowly start to see is that some areas have fewer households considered to be not deprived. As we can also see from the infographic, there are a number of areas not as deprived around the vaccination centres. This could suggest that maybe in the areas with fewer households considered to be deprived, there would be more use in having a vaccination centre set up to accommodate those households and people that may find it more difficult to be able to get to the vaccination centres. 
An article by Karl Thompson suggested that an area of deprivation could lead to a “lack of education” [12] within some households. This could be a potential reason why some people might not have had vaccinations, boosters, and uptake vaccinations. This would then affect the number of cases being recorded as more people would be likely to spread and catch COVID-19. Furthermore, not having the vaccinations may have led to more deaths recorded, as a larger amount of people would not have had the vaccinations for their bodies to be able to better cope with COVID-19 and its side effects.




Ranges by Total Deprivation, on Swansea MSOA
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Ranges by Total Deprivation, on Swansea LOA
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Ranges by Total Deprivation, on Swansea OA
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We can now see by looking at these three infographics the differences in the total deprivation per output area. Additionally, we can see looking firstly at the MSOA layer that there is a large total number of deprived areas throughout Swansea with some having a lot more and others having a lot but still less than those north and east of Swansea centre. Through the LSOA we see this map start to change as more output areas are broken down and this shows more of a variation in the locations of which areas are deprived. Then through all the output area data, we see a further breakdown of where deprivation is more strongly appearing to be an issue, and where in Swansea there is less overall. These locations are once again in many cases we can see, further away from the vaccination centres. Suggesting that this could be a contributing factor as to why the data we can see within the rapid covid surveillance data. 

Conclusion

To conclude, from this report and the results of the GIS build we can now accept the first hypothesis which is that general health is something that does affect locations within Swansea and could have had an impact on the number of people getting COVID-19 tests, vaccinations, boosters, and uptake vaccinations. Furthermore, we can also accept the hypothesis that access to personal vehicles (cars or vans) might have had an impact as there were several output areas clear to see that would have made it harder to get access to COVID-19 tests, vaccinations, boosters, and uptake vaccinations. Finally, we can accept that levels of deprivation within Swansea are clear to be seen through the output areas and that this could have been a reason why the number of people getting COVID-19 tests, vaccinations, boosters, and uptake vaccinations changed over time. 
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