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1.0 [bookmark: _Toc92337]Introduction
[bookmark: _GoBack]Geographical Information System (GIS) is one of the most widely used methods for analysing geographical data and linking it to a map. It is used in a wide variety of circumstances and is used by many different governments, businesses, and people. This shows that GIS is used for a wide variety of application in today’s society.
In this paper, the use of GIS will be looked at for Swansea in analysing the areas deprivation using data gathered from the Townsend data and the government degravitation measurements. Since GIS is good at linking data to a location this is a good use of it as it allows governments and councils to see where the biggest areas of deprivation are within their authority.
[bookmark: _Toc92338]1.1 Aims and objectives
The main aims and objectives for this paper are to look at GIS and to look at how it is used to help analyse data in today’s society. To help accomplish this aim the main objectives will be to:
1. To use GIS to analyse deprivation data for Swansea
2. To show the uses of GIS for data analysis
3. To analyse the use of GIS as a data system
The objectives will help achieve the aim by allowing MapInfo to be looked at as a method for analysing data so it can be seen how useful it is in analysing data in today’s society.
2.0 [bookmark: _Toc92339]Literature review
Geographical Information System (GIS) is used in a wide variety of ways across the world. GIs can be used to keep track of information, events, and activities and the location that the data was gathered from (Longley et al, 2011); this makes it very useful as a method of recording information.
A good definition of modern GIS that will be used in this report is:
“a computer-based information system that enables capture, modelling, storage, retrieval, sharing, manipulation, analysis, and presentation if geographically referenced data.” (Duckham, 2004).
This means that GIS is a system that is used to collect, model and analysis data that is linked to a geographical location.
[bookmark: _Toc92340]2.1 GIS Data Types
There are two main types of data used for GIS mapping these are vector and raster data. Within these two data types, there are many sub-categories of data that can be used such as arc, line and surface data (stackexchange.com, 2014).
[bookmark: _Toc92341]2.1.1 Vector Data
Vector data is made using points, lines, and polygons, and are useful to store data that has boundaries such as counties, cities, and streets (stackexchange.com, 2014). Vector data can be used to show actual world features on a GIS map. These include houses, roads, rivers, etc. these features are described through the use of numbers or text. The data is made using the X, Y and Z axis to find the data’s position in relation to the map (QGIS, 2019).
There are a few things that have an impact on the use of vector data. One of the key ones in the map scale. If the scale of the gathered data and the new map are off it could result in some important parts being missing or in the wrong place on the new GIS map. This means that the data needs to be checked to make sure that the scale of the maps is the same (QGIS, 2019).
[bookmark: _Toc92342]2.1.2 Raster Data
Raster data is a representation of the world using a grid of cells, its useful for storing data that varies continuously such as satellite images and aerial photography. This means that it is good for analysing large areas with continuous data (QGIS, 2019). Raster data has a wide variety of uses from base-maps to thematic maps. Thematic maps are good for showing the data for a general area such as the different land uses or deprivation (ArcGIS, 2016).

Raster data uses values to represent data such as height, magnitude, and categories. These values can be integer or floating point depending on the type of data being analysed. Integer data values are used for discrete data and floating data is used for continuous data. There is also the option for a cell to have no value which is when no data is provided (ArcGIS, 2016).
[bookmark: _Toc92343]2.2 History of GIS
The first time that GIS was used was in 1854 when John Snow used it to map the outbreaks of cholera in London. It was done by adding information to a paper map and as a result, allowed him to make the connection between water and cholera. This shows that GIS has been used as a method of showing data linked to a geographical location for a long time (GISGeography, 2019). 
In the 1950s it was hard to put data onto maps on the method used was sieve mapping that allowed you to put layers onto of a paper map. In the early 20th century photozincography was used to separate layers from maps, this allowed different themes to be printed onto the map. However, there was no opportunity to analyse the data, so it does not show a full GIS system (Tate, 2018).
The next big advancement in GIS technology was by Roger Tomlinson who in the 1960s developed the Canadian Geographic System (CGIS) which is considered to be the root of GIS. It was one of the first to use computers to map information and this method was soon adopted worldwide in other countries like America and the UK.
In the mid-1970s Harvard Laboratory Computer Graphic developed ODYSSEY GIS which led to the software commercialization of GIS software. During this time period, the ability of computer was improving at a rapid pace which led to better GIS systems being made such as MAPICS, SURFACE, and GEOMAP. Also, during this time, the first conference on GIS was held in the UK, which is where the term Geographical Information System was first used by Roger Tomlinson in is paper called ‘A Geographic Information System for Regional Planning’ (GISGeography, 2019).
Since then GIS has become more widely used as more information and better software was made available to the public. With data like LiDAR and satellite photography being able to be collected and used. Allowing for even more uses for GIS.
[bookmark: _Toc92344]2.3 MapInfo
MapInfo is the GIS software used in this paper. It was made by Pitney Bowes Software and lets you make and analyse geospatial data. In 1992 MapInfo made the first major GIS Windows software and made a team with Microsoft so that they could work together in the future. This led to mapping functionally being included in Excel. Recently MapInfo has looked at making the software easier to use and for support of mapping on the internet (Daniel et al, 2002).
The newest version of MapInfo is version 17, however, version 16 will be used to carry out the analysis in the paper. This is because version 17 is quite new so there are some areas that still need to be improved as there are many new features and a few bugs that would not have been patched. This makes version 16 a bit more reliable and easier to use.
3.0 [bookmark: _Toc92345]Methodology
The method used to collect the data for this paper was two part. The first part involved going onto the website UK Data Service to collect data on the output areas for Swansea as well as the data needed to make the Townsend data map, the data for the government deprivation map was also collected. This was then used in MapInfo to make several maps of Swansea showing the different areas and their levels of deprivation.
The second way that data was gathered was through surveys handed out to 42 people in SA1 and SA3, which are both areas in Swansea. Which was put into Resources and Energy Analysis Programme (REAP) Petite to be analysed. This allowed for a range of different survey answers that can be placed on the maps to show the application of survey data plotting within the MapInfo software. This meant that the different applications of MapInfo could be shown off so it’s different uses could be seen. 
After collecting the data, the Townsend data had to be cleansed in excel so that it could be used to make the Townsend deprivation score. To do this the Z-score had to be calculated which is done by subtracting the mean value and then dividing by the standard deviation. Once this was calculated the Townsend score could be made by adding up the sum of the Z-score. This is shown in figure one.
[image: ]
[bookmark: _Toc10336]Figure 1: Calculating the Townsend score in Microsoft Excel
Then the data was transferred onto a MapInfo workbook that allows for analysis of the data in MapInfo. Figures two and three show some of the data used in the report in the MapInfo software that was then used to analysis deprivation within Swansea specifically the SA1 and SA3 areas.
[image: ]
[bookmark: _Toc10337]Figure 2: MapInfo table of the REAP Petite data
[bookmark: _Toc10338][image: ]Figure 3: MapInfo table of the Townsend data
The data was transferred over to the maps in different ways depending on what type of data it was. For the REAP Petite data it had to be linked through postcodes to the map which allowed for specific houses to be shown on the maps rather than the general area, this is shown in figure five. For the Townsend data it had to be linked to the map differently by geocoding the data to an output area within Swansea, this is shown in figure four. This allowed for a general overview of the whole of Swansea.
[image: ][image: ]
[bookmark: _Toc10340]Figure 5: Table of the Postcode data for the REAP data[bookmark: _Toc10339]Figure 4: Geocoding the Townsend data within MapInfo

 The next step was to make the maps to make the maps for the Townsend and the Government deprivation statistics a theme had to be added to the maps which allowed the data to be put on the map linked to the Swansea output areas, this is shown in figure six. 
[image: ]
[bookmark: _Toc10341]                                                 Figure 6: Menu to add themes to the MapInfo maps
For the REAP Petite data, it was queried so that the data would be shown for each point created from the postcode data. This process allowed for analysis for the REAP data for a variety of different subjects such as car ownership and washing machine ownership, this is shown in figure seven.
[image: ]
[bookmark: _Toc10342]                                               Figure 7: Menu of the queried data selection in MapInfo
Using these methods, a wide variety of different maps where created which showed different themes and queries for the data provided.
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5.0 [bookmark: _Toc92346]Results
[image: ][image: ]Townsend Data Legend

[bookmark: _Toc10343]Figure 8: GIS map of car ownership and Townsend Data (Moore, 2019)
[image: ][image: ]Deprivation four legend

[bookmark: _Toc10344]Figure 9: GIS map showing the Welsh Index of Multiple Deprivation data for Swansea (Moore, 2019)
[image: ][image: ]Townsend Data Legend

[bookmark: _Toc10345]Figure 10: GIS map of the Townsend data for Swansea (Moore, 2019)

Figures eight to ten show a variety of different maps made from the data using MapInfo to show the deprivation in Swansea as well as some other social data such as car ownership. This shows the different information in different ways.
6.0 [bookmark: _Toc92347]Analysis
[bookmark: _Toc92348]5.1 Deprivation Data Analysis
There where two types of deprivation data used in this paper which were the Townsend data and the Welsh Index of Multiple Deprivation data. Both types of data have their advantages and disadvantages. 
[bookmark: _Toc92349]5.1.1 Townsend data
Townsend deprivation was made by and named after, Townsend in his 1987 paper on deprivation. He thought that the normal deprivation measure meant that the deprivation was misperceived so he made a new one (Townsend, 1987). It looks at four main areas to calculate deprivation which are households without cars, overcrowded households, households not owner-occupied and persons unemployed. The data used in Townsend data needs to be standardised through the use of their Z-score and the sum of the four areas is the Townsend deprivation score (ReStore, 2019).
However, it has been argued that although the Townsend data is good at an individual level on a local authority area it loses some of its accuracy meaning it is not as efficient for measuring deprivation on a larger scale (Adams et al, 2005), which is where the Welsh Index of Multiple Deprivation is better.
[bookmark: _Toc92350]5.1.2 Welsh Index of Multiple Deprivation data
Welsh Index of Multiple Deprivation data uses four household characteristics to calculate the deprivation of the household. These characteristics are employment, education, health and disability, and housing. These characteristics are recorded through census data and used by the government to calculate the deprivation of the area (InFuse, 2019).
The Characteristics are measured in different ways to help find the deprivation score for the household. Employment looks at members of the household who are not a full-time student and is either unemployed or has a long-term sickness. Education looks at people with at no level two education and is not a student aged 16-18 in full-time education. Health and disability look at people in the household whose general health is considered ‘bad’ or ‘very bad’. Housing looks at housing overcrowding, occupancy rating of -1 or less and has no central heating. If a household in two of more of these categories, they are considered deprived (InFuse, 2019).
This method for measuring deprivation is used across the UK to make it easier to compare deprivation across the country. This is good as it sets a standard that is easy to look at deprivation in the country and decide what to do about it (Abel, 2012).
[bookmark: _Toc92351]5.2 GIS Analysis
The use of GIS in this report was to look at how useful GIS was at analysing the deprivation data for Swansea so it could be seen how useful it is in today’s society. To do this the different areas of GIS need to be analysed which are data collection, data mapping, and data analysis.
[bookmark: _Toc92352]5.2.1 Data Collection
The data used in this report was primarily from the ‘UK Data Service’ and ‘InFuse’ which were used to collect the census data for Swansea. This Data was then used to create the maps in the GIS software MapInfo. The data gathered through these sources were easy to find and could be downloaded for use in an easy fashion. Although the data did have to be cleaned before it could be put into MapInfo. The main part of this cleaning was the Townsend score being calculated, refer to figure one, and some unnecessary lines being removed. This shows that the data collection was quick and easy to carry out which helped make the overall use of GIS and MapInfo much better.
[bookmark: _Toc92353]5.2.2 Data Mapping
The main use for the GIS was the data mapping. For this to happen there where a variety of steps from downloading the correct maps to linking the location of the data to the map, refer to figures two and three. After that, the data was put onto the maps through themes and queries. The process of doing this was relatively quick as MapInfo had clear and easy to use settings that made the mapping of the data easy to do. 
[bookmark: _Toc92354]5.2.3 Data Analysis 
The most important aspect of GIS that needs to be analysed is its ability to analyse data. Figures eight to ten shows some of the maps produced through the use of MapInfo and clearly show the relevant data and its location. This shows that GIS is good at showing social data and its location, so it is easier to compare to other areas. it is also good at showing data like car ownership allowing the people identified as car owners through the REAP data to be shown on the map. This shows that GIS is a useful tool for the analysis of data as it helps to visualise the data for easier analysis especially when being compared to other areas. this is supported by (Larson, 1999) who state that GIS is an important tool for strengthening awareness of issues and for decision-making processes.
However, GIS does have some areas that it can not show or analyse well such as time-based data, and in lots of cases, additional software would have to be used (Larson, 1999). This shows that GIS does have some shortcomings and is not a perfect tool for data analysis.
7.0 [bookmark: _Toc92355]Conclusion
In conclusion, GIS is a useful tool for the analysis of data and in recent years has only got better at doing so. The main aim of the paper was to look at GIS and its use in today’s society, the use of GIS in the paper shows that it is a good way of visualising data for analysis. This means that GIS should be more widely used in today’s society and would be useful in helping to analyse social, environmental and economic data. 
[bookmark: _Toc92356]6.1 Recommendations
The recommendations for further study are to look at another GIS software and compare it to MapInfo as this could help identity which is the better software for data analysis. Which could help make GIS a more widely used tool in today’s society.
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