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Introduction
In this report, we will briefly explore what a Geographical Information System (GIS) is and what it can be used for. We will also use GIS software to help in a case study to determine whether a hypothesis is correct or not. By doing this we aim to demonstrate the benefits of using GIS to analyse data and provide meaningful insights from the outcomes.
[bookmark: _Toc187174063]What is a Geographical Information System?
In their Journal article, Xiao Li et al [1] describes a Geographical Information System (GIS) as both a general technique used to analyse mass spatial data and a system which integrates the software and hardware of a computer to collect, store, analyse, display and apply geographic information.
Due to the capabilities of GIS, it’s use is vital for various different areas, from helping to understand environmental and social issues to asset management and urban planning.
Vida Maliene et al [2] tell us that the first significant GIS was the Canadian Geographic Information System (CGIS) which was developed in 1963. This system took 10 years to develop and was designed to help the Canadian Federal and Provincial Administration carry out a land inventory project and map their natural resources.
They further explain that in the 1970’s a general-use GIS was developed at the Harvard Laboratory for Computer Graphics and Spatial Analysis where they analysed data from the US Population Census.
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Case Study
[bookmark: _Toc187174065]Introduction
For this report, we will be using GIS to explore whether or not there is a correlation between how affluent an area is and the level of education attained by the population within that area.
We will be focusing on Wales as an output area, using data from the 2011 UK Census to develop a Townsend Deprivation Index score for each Middle Layer Super Output Area boundary along with data from the Office of National Statistics (ONS) 2021 Census Data which reports the Highest levels of Education reported.
We will also explore other geospatial factors that may have an impact on an areas affluence, or deprivation, and the level of education it’s populus have attained.
[bookmark: _Toc187174066]How has the data been broken down?
As mentioned in the introduction, the data has been modelled in the GIS to display in the individual Middle Layer Super Output Area (MSOA). 
The ONS [3] explain on their website that there are multiple layers that data can be presented in. The lowest being the Output Area, made up of between 40 and 250 households with a population between 100 and 625. 
These are then aggregated up to Lower layer Super Output Areas (LSOA), which are usually made up of 4 or 5 Output Areas.

An MSOA is then made up of 4 or 5 LSOA’s giving a population of between 5,000 and 15,000 people. There are 408 MOSA boundaries in Wales, which gives us a large enough sample of areas to make meaningful comparisons.
[bookmark: _Toc187174067]Mapping Data in the GIS
[bookmark: _Toc187174068]What does it look like?
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[bookmark: _Toc187248785]Figure 1: MSOA Boundaries of Wales as presented in GIS Software
As can been seen in Figure 1, we see a more clustered grouping of MSOA’s in the South and South-Eastern regions of Wales as well as the upper North-East, especially around coastal regions.
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Affluence v Deprivation in Wales
After obtaining the data from the 2011 Census, we are able to calculate the Townsend Deprivation Score for each MSOA.
The UK Data Service Website [4] explains that the Townsend Deprivation Score is calculated from four Census variables. These are:
· Non-car ownership
· Non-home ownership
· Unemployment
· Overcrowding
When these scores are included in our GIS, we can see clearly which areas of Wales are the more affluent and which are reported as being more deprived (Figure 2).
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[bookmark: _Toc187248786]Figure 2: Map of Wales MSOA's showing the outcome of Townsend Deprivation Score calculations
The dark blue regions shown on the map have been calculated to be the most affluent areas in Wales, while the dark red are the most deprived. Immediately we can see that, with a few exceptions, the more deprived areas of Wales are in the MOSA’s with the smallest land areas, again predominantly in the South/South-Eastern and North Eastern regions of Wales.
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Qualification Levels
The data obtained from the ONS [5] categorises qualification levels in to 8 different categories, the definitions of which are included in the Appendix of this report. These levels are:
· Does Not Apply
· No Qualification
· Level 1
· Level 2
· Apprenticeship
· Level 3
· Level 4
· Other Qualifications
For the purposes of this report, the results of those who are recorded in the Does Not Apply category have not been displayed or used in any calculations as there is no explanation as to why this category has been recorded for this section of the population.
For the visualisation of each qualification result, the key used is the same as shown in Figure 3:
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[bookmark: _Toc187248787]Figure 3: Key for displaying qualifications over Townsend Deprivation Score
Regions with the horizontal lines are those which reported the highest observation of individuals with that qualification level whereas regions with the lowest observation will have a hatched pattern displayed.
The observation is the number of individuals within that MSOA who have reported in the Census that the displayed category is their highest level of qualification.
The keys for each level have been included to demonstrate the scale of each observation.
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No Qualification 
[image: A colorful map of a country
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[bookmark: _Toc187248788]Figure 4: Representation of the population reported to have no qualification by MSOA
As displayed in Figure 4, by overlaying a patterned theme over the map which allows the Townsend Score results to show through, at a glance we can see that most of the regions that score as highly affluent areas report low observations of the population having no qualifications. 
However, if we zoom in on some of the Southern regions of Wales, the picture we see changes, as shown in Figure 5.
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[bookmark: _Toc187248789]Figure 5: Close-up view of South Wales Regions showing No Qualification
As you can see, by focusing on this area, there are regions which, based on the colour, have scored in the more affluent ranges on the Townsend score, and have also reported high observations of the population having no qualifications. 
At the same time, we also see there are areas in the higher levels of deprivation where the observation levels are low.
This does not immediately give us an answer to our question, as there are other contributing factors which can affect the deprivation score of a region, some of which we will explore later in the report.
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Level 1 Qualifications
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[bookmark: _Toc187248790]Figure 6: Level 1 Qualifications in Wales
When we change to view the observation levels of people with Level 1 qualifications, we see that there is some change visible across the map, with regions moving in to the grouping that is either one higher or one lower than we saw previously. However, looking at the numbers of people observed, we see that the population within each grouping is considerably lower than it was for those in the groups of people who have no qualifications.
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[bookmark: _Toc187248791]Figure 7: Close-Up of South Wales for Level 1 Qualifications
Again, in Figure 7, we do not see much change between the regions, with most moving just one group or another in either directions.
However, it could be observed that, as this is the lowest level of qualification captured, there could be a correlation between those observed with no qualifications as, again, we have some areas with high levels of deprivation and low observations of this qualification level.
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Level 2 Qualifications
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[bookmark: _Toc187248792]Figure 8: Level 2 Qualifications in Wales
Figure 8 shows a larger observation of the population, and more change between members of the population with no qualifications to those with this level of qualification, especially in the more Eastern regions of areas of highest affluence. 
But once again, there is not enough evidence here to prove decisevly that the levels of qualifications achieved are linked with the affluence of the area.
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[bookmark: _Toc187248793]Figure 9: Close-Up of South Wales for Level 2 Qualifications
However, when we focus on the South of Wales, we do start to see a bigger shift in the representation, with more of most deprived areas having a lower observation rate, but some of the more affluent areas are now also showing much higher observations of the population within this qualification level.
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Level 3 Qualifications
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[bookmark: _Toc187248794]Figure 10: Level 3 Qualifications in Wales
Even at this scale, Figure 10 shows that the population of many of the moderately affluent areas of Wales fall in to the group with the highest observation of people with Level 3 qualifications. We also can observe that, many of the most affluent areas are still showing low observations of these qualifications.
However, we can also see at this scale that there are areas of high deprivation where there are also large observations of the population with Level 3 Qualifications.
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[bookmark: _Toc187248795]Figure 11: Close up of Level 3 Qualifications in South Wales
When we zoom in again on South Wales, Figure 11 shows us that the very central cluster of High Deprivation Scores also consists of the highest observations of Level 3 qualifications. 
But there are other factors which we now need to consider that will, especially in these areas, be affecting the Townsend Score.
Another thing that needs to be noted is that, the range of scores for the most represented groups is considerable, between 1,200 and 6,380 people, within the MSOA, who have a Level 3 qualification.
[bookmark: _Toc187174075]
Locations of Tertiary Colleges and Universities in Wales
By generating the Latitude and Longitude of the postcodes for Tertiary Colleges and Universities across Wales, we are able to plot their locations in the GIS and display them as data points on the map (Figure 12).
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[bookmark: _Toc187248796]Figure 12: Tertiary College and University Locations Across Wales
As we can clearly see, the highest concentration of these institutions are in areas where we have seen higher levels of Deprivation. 
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[bookmark: _Toc187248797]Figure 13: Tertiary College and University Locations - Closeup view of South Wales
Again, zooming in on the South Wales area, we can see that of the areas where we have seen the highest volumes of Level 3 qualifications also have institutes of higher education in their area.
Areas where there are universities usually have higher deprivation scores as the number of people who are not in employment is higher and drives up the values used to calculate the score.
The location of these institutes also plays a part in why we see high observations of Level 3 qualifications in these areas. As the Census is carried out based on where you are at that point in time, many students who are living away from their family home will be in the area of the university for ease of access, but at that point in time will only have attained a Level 3 qualification. 
So the next question we must ask is, does the picture look different when we look at level 4 qualifications, apprenticeships and other vocational qualifications.
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Level 4 Qualifications
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[bookmark: _Toc187248798]Figure 14: Level 4 Qualifications in Wales
The first thing we should note when looking at the results in Figure 14, is that the numbers of observations in each of the groupings are one of the highest we’ve seen across the qualification levels we have explored so far. 
It is also interesting to note that, to the West of Wales, most of the areas with high observations of Level 4 qualifications are of moderate affluence whereas to the East and South-Eastern areas they are concentrated mostly in the most affluent areas.
But this does not follow for areas to the rest of Wales.
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[bookmark: _Toc187248799]Figure 15: Level 4 Qualifications for South Wales Regions
Zooming again to our target area in South Wales,  Figure 15 shows again that the cluster of high deprivation where we know the universities are located has high observations of Level 4 qualifications. 
It also shows that, almost all of the  areas immediately surrounding it fall within the highest observation group. If we were to explore these areas in more detail, we would be able to discover what factors lead these members of the population to live there. 
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Apprenticeships and Other Qualifications
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[bookmark: _Toc187248800]Figure 16: Apprenticeships in Wales
Figure 16 shows us that the overall observations of people with Apprenticeships are low across all of Wales. We can also see that there is no real correlation between people with Apprenticeships and the deprivation score of the areas they live in.
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[bookmark: _Toc187248801]Figure 17: Close up of Apprenticeships in South Wales
Even looking at the area of South Wales in Figure 17, we see no direct correlation between apprenticeships and the Townsend scores. However, it is interesting to note that one section towards the centre-bottom of the image does show three adjacent areas where there are moderate to high levels of deprivation which all fall in to the group of highest observation. 
As with Level 4 Qualifications, if we were to look in to what industries are present in that area, we could get a better understanding of why people have chosen to live there specifically.
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[bookmark: _Toc187248802]Figure 18: Other Qualifications in Wales
Similarly with Other Qualifications, there does not appear to be a direct correlation between deprivation and those who have reported having other qualifications. As Figure 18 shows, this is also the smallest observed group of all the qualifications, with the highest observation being just 391 people within an MSOA.
At this scale we do see that most are either in the middle ground between affluence and deprivation, or in the grouping either side of it. But there are some of the most deprived areas showing through as also being within this observation grouping.
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[bookmark: _Toc187248803]Figure 19: Close up of Other Qualifications in South Wales
Zooming in one last time to our area of South Wales, Figure 19 shows that again, we are seeing high observations of this qualification level in some of the more deprived areas, but also within areas of higher affluence.
This would suggest that there are higher concentrations of workplaces where these qualifications are required within these areas than there may be in other areas of the region.
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What else could impact Deprivation?
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[bookmark: _Toc187248804]Figure 20: Rural - Urban Classification of Wales
As Figure 20 clearly shows, the majority of Wales, as far as landmass, is made up of rural areas and many of the more affluent areas (between -1 and -7.1 in the Townsend Deprivation Score) within the region are classified either as a rural village or town. 
It also shows that areas of the higher levels of deprivation are also the most populated urban areas. But by looking more closely, as Figure 21 will show, there are again areas of highly populated urbanisation where affluence is also high.
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[bookmark: _Toc187248805]Figure 21: Rural - Urban Classification of South Wales
While the map of the entire region shows that many of the most affluent areas are rural, it is not necessarily the case as, the key for the Rural – Urban Classification shows us that the majority of MSOA’s in Wales are, in fact, Urban Cities or Towns.
With what we learned from the ONS [3] this is just because the number of households in these areas are much higher, leading to smaller MSOA boundaries.
The majority of the areas in the image above show this to be the case, so we can argue that, while some of the factors of living in a rural area make it more likely the area is affluent, other factors that drive the calculation may be more achievable for people living in a more urban area.
[bookmark: _Toc187174079]
Overall Qualification Levels of the Population
By aggregating the observations of each individual MSOA, we can calculate how many people within the area have a qualification at some level. Again, we have excluded those who have been observed where qualifications do not apply to calculate this and, as figure 22 below shows, there does appear to be a lower observation in areas of higher deprivation.
[image: ]
[bookmark: _Toc187248806]Figure 22: Percentage of population with some level of qualifications for all of Wales
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What happens if we use a smaller sample?
Using queries within the GIS software, we are able to generate a different view of the data. For the benefit of this report, we have chosen to focus on the MSOA’s that fall within the region of Swansea (Figure 22).
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[bookmark: _Toc187248807]Figure 23: Swansea Only Cluster of MSOA's
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[bookmark: _Toc187248808]Figure 24: Close up of Swansea MSOA's from the full Wales Map
By comparing Figures 23 and 24 we can see that there are a few regions where the Townsend Deprivation score which has been calculated has been coloured differently.
This is due to the way in which the GIS software groups the Townsend scores together. For all of Wales, the most affluent area has a Townsend score of -7.1 and the most deprived has a score of 11.1. For the MSOA’s which fall within the Swansea region, the most affluent area has a score of -6.1 and the most deprived 9.5.
What this means is, that while the numbers behind the data will invariably be the same, the visualisation of them may change. 
Due to these differences, we will not go in to the detail of each view, but they will be included in the Appendix of the report.
[bookmark: _Toc187174081]What else could we do with GIS?
We could have used the software to calculate the distance between points within the MSOA’s. This would be useful when looking at information such as distance between hospitals and primary care facilities when investigation health conditions, or the distance from the centre of an MSOA to the nearest supermarket when looking for somewhere to build a competing store.
For this case study, we opted not to as, distance to a point does not have an impact on affluence or education levels, and would not have added any benefit.
[bookmark: _Toc187174082]Conclusion
In carrying out this investigation, using all the information available and presented within the GIS, we cannot directly link a correlation between the level of qualification achieved and the Deprivation Score of a Middle Level Super Output Area, and that there are potentially many other factors, such as population, availability of affordable housing, job prospects and location which could all play a role in how affluent a household is. 
GIS software has helped us to demonstrate this by showing in visual format the different results that have been observed for each area. If we were to apply more geospatial data in to the model, then perhaps we could answer some of the questions the results we had raised.
[bookmark: _Toc187174083]
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Appendix
Highest Level of Qualification Descriptions:
· No qualifications
· Level 1 and entry level qualifications: 1 to 4 GCSEs grade A* to C, Any GCSEs at other grades, O levels or CSEs (any grades), 1 AS level, NVQ level 1, Foundation GNVQ, Basic or Essential Skills
· Level 2 qualifications: 5 or more GCSEs (A* to C or 9 to 4), O levels (passes), CSEs (grade 1), School Certification, 1 A level, 2 to 3 AS levels, VCEs, Intermediate or Higher Diploma, Welsh Baccalaureate Intermediate Diploma, NVQ level 2, Intermediate GNVQ, City and Guilds Craft, BTEC First or General Diploma, RSA Diploma
· Apprenticeship
· Level 3 qualifications: 2 or more A levels or VCEs, 4 or more AS levels, Higher School Certificate, Progression or Advanced Diploma, Welsh Baccalaureate Advance Diploma, NVQ level 3; Advanced GNVQ, City and Guilds Advanced Craft, ONC, OND, BTEC National, RSA Advanced Diploma
· Level 4 qualifications or above: degree (BA, BSc), higher degree (MA, PhD, PGCE), NVQ level 4 to 5, HNC, HND, RSA Higher Diploma, BTEC Higher level, professional qualifications (for example, teaching, nursing, accountancy)
· Other: vocational or work-related qualifications, other qualifications achieved in England or Wales, qualifications achieved outside England or Wales (equivalent not stated or unknown)
· Does not apply
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Task 1: Part 2 – Development Log
First the shapefile for the MSOA’s of Wales needed to be downloaded and imported in to a workspace. This was obtained from the UK Data Service website and this allowed me to select just the MSOA data for Wales. Once this had been downloaded, I was able to upload it directly in to MapInfo
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I then gathered the data to create Townsend Deprivation Scores from the Infuse Census data.
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This was not straightforward to do as there are bugs in the site which make loading some of the data points difficult. To generate the employment measures, it was easier to select them all then remove the rows I didn’t need.
This was then downloaded as CSV and calculations added to generate the Townsend Score for each MSOA in Wales
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Once the Townsend scores were created, these were uploaded in to MapInfo, Geocoded and 
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Next was the qualification levels. 
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As this data is for England and Wales, we had to remove all the English MSOA data before uploading it in to MapInfo.
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However, on doing so I discovered that displaying the data in a meaningful way was not going to be easy as there were 8 different data points per MSOA. So I opted to make one CSV file per Qualification level and upload these in to MapInfo.
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For each table, the data had to be geocoded to match to the MSOA table
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And then once this was done, the same theme was applied to each group for use in displaying the results
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I then used the UCAS website to generate a list of all the Tertiary College and University locations in Wales, creating them in to a CSV file before using the freemaptools website to convert the postcodes to latitude and longitude
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These were then spatially mapped to show the data points on the map and given appropriate symbols for what they represent.
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Next I gathered data on the Rural and Urban Classification of MSOA’s in England and Wales, removing the English data before uploading it in to MapInfo
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Again this was geocoded to link to the MSOA table so it could be overlayed over the Townsend layer and appropriate images were used for the theme of the results.
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Description automatically generated]
(NB this was later re-done to add in the transparency to see the colours of the Townsend Scores)
Next a calculation of the total number of qualifications per MSOA was calculated and added to the workspace to show as datapoints on the map
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Once this was done, I created a cluster for the MSOA segments that related to Swansea only and created a cluster. From this I ran all the same steps to add the themes for the Townsend scores and qualification levels over just this cluster, as well as qualification percentages and higher education locations
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This took some time to do because I would accidentally use the wrong reference or theme and had to start the workspace over again as it seems to remember what you did last time. But once I got myself acquainted with how to do things, it took less time the next time I needed to start over.
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