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[bookmark: _Toc500233878][bookmark: _GoBack]Origin of GIS 
GIS has come to revolutionize the way people perceive data all over the world, proving extremely successful in highlighting information that could only be deducted and related from visualizing the data on a map. Crime investigations are a good example of where GIS is exceptionally useful for obtaining meaningful information from data on a map that allows the investigators to narrow in on certain areas. Jack Dangermond, founder of ESRI stated “Knowing where things are, and why, is essential to rational decision making” which perfectly sums up the need for GIS.
With regards to history, mapping data can be traced back as far as 1854 during the cholera outbreak, in London. Dr. John Snow, a physician, managed to draw a map of the surrounding areas that were seriously affected by the disease and plotted the amount of people infected or that had succumbed to the disease, on the map. Doing this, he identified a correlation between the number of cholera cases on a street and the nearest water pumps, leading Dr. John Snow to hypothesize that the pumps were the root cause of spreading the disease, based on there being higher rates of cholera in streets closer to the water pumps, to which he was correct. 
Forwarding into more modern times, one of the first uses of computerized geographical information (1) was by the government of Canada, which was known as CGIS (Canada Geographical Information System). It was used to store geospatial data for the Canada Land Inventory, mapping data that showed how capable areas of the land were for the sustenance of agriculture, recreation and wildlife. It was the late 1980s, that proprietary GIS had been introduced, providing a platform that facilitated more of the data-handling standards that were commonly required by organisations that could use geographical information, than any of the prior GIS systems.
[bookmark: _Toc500233879]Origin of Cartographic Representation
Cartography/cartographic representation, is a vital aspect used in conjunction with GIS without people realizing it. What cartographic representation is, is the creation of maps using graphical attributes and symbols in a way that communicates geographical information to its intended audience (5). Cartographic representation aids GIS by providing an accurate geospatial interface for data from a database/spreadsheet to be plotted and communicated. 
Cartography has been used for thousands of years and continues to be used today for the same purpose and that is representing maps. Little has changed over time regarding the basic function/purpose of maps, however, the way in which they are created has changed dramatically with the inclusion of and advancements in technology, that have simplified the process of recreating landscapes in a graphical format with the addition of pin point accuracy.


[bookmark: _Toc500233880]Fundamentals of GIS
[bookmark: _Toc500233881]Visual Perception
Visual perception is an integral part of how people receive and ultimately, interpret data, placing significant emphasis on the importance of how the data is displayed and represented. However, the way in which data is visualised determines how perceptually capable a person can be when trying to interpret the data (2), since data that is well represented and summarised will be more receivable than data that is cluttered and follows no structure. 
When large amounts of data need to be communicated, people have the tendency to perceive it more effectively when it is summarised, and makes use of graphical attribution. Using graphics to represent data sets have proven to be an effective way of displaying data on a large scale for human beings, since we are able to detect and analyse information quicker when it is graphically conveyed.  An example of where this is prevalent is in graphs. Graphs provide the ability to not only summarise data very effectively, but also convey the data in such a way that it can be compared and visually interpreted much faster than what would be capable had there been no graphical implementation. The reason as to why this is the case, is because pre-conscious perception is the sensation that is channelled when visualised data is communicated, basically meaning that less thought is put into the perception because the graphics provide the information that would have otherwise needed to be identified (3)			. 
GIS is built on the premise of communicating geospatial data in a strongly summarised and naturally perceivable way when used with cartographic visualisation. It is for this reason that GIS software is the primary method of analysing large scale data that holds relevance to location, since information can be derived near enough instantly, as opposed to requiring conscious perception to obtain the same information (3). 
[bookmark: _Toc500233882]Cartographic visualisation
Cartographic visualisation refers to how a map is illustrated/displayed for interpretation. Some maps may require more in-depth illustration such as visualising rivers or possibly roads that run throughout a country, rivers would be visualised as blue lines and roads would most likely be communicated as black lines. The requirements of the visualisation are completely dependent on the context to which it will be used. For example, road maps will illustrate all the roads in the country of choice, however, they will not include information that is deemed irrelevant such as where there are rivers flowing, since that data does not need to be visualised for that type of map to fulfil its purpose.  
The way in which the cartography is visualised is essential to how effective it will communicate the GIS data that is layered on top (6), and it is for this reason that it is common to see that larger GIS data sets have more simplistic/minimalistic cartographic visualisation underneath, this allows information to be much more perceivable and understandable, by reducing the amount of clutter that would otherwise obscure the information.



[bookmark: _Toc500233883]Visual information system (map)
Maps in and of themselves are packed full of information that can be dissected to meet any geographical purpose, they serve as trustworthy navigation tools and as perfect canvases to plot geospatial data. Examples as to how maps are visual information systems can be derived from comparable data, simply looking at the map of an area from one year and comparing it to a different year can provide lots of information in its own way. This information mainly answers questions such as what has changed and what has happened in the area. An example of the capabilities of comparing maps would be with the deforestation of the amazon rain forest. Figure one shows a satellite image of an area of the amazon called Rondonia in 1975. Figure two shows a satellite of the same area but from 2001. It is instantly observable that a serious amount of deforestation has taken place just by looking at the map comparison.
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Figure two: Rondonia 2001
Figure one: Rondonia 1975


As the figures show, maps are a very simple, yet, effective method of representing and comparing data, which is why GIS utilises visual information systems (4). 


[bookmark: _Toc500233884]Emergence of GIS
GIS is applicable in a multitude of different areas that are able to utilise geospatial data to derive information that would otherwise be concealed or at best, difficult to obtain. The areas themselves diversify from one another but all share the commonality of an interest in the geography of the data that they collect. Some examples of these areas are as follows:
· Agriculture
· Crime (Police)
· Environment
[bookmark: _Toc500233885]Agriculture’s use of GIS
With the area of agriculture being one of the first areas to adopt GIS in its early stages, it is understandable as to how agriculture could utilise GIS to obtain information. Analysis was conducted on an area of land known as Devils Lake, by the U.S Fish & Wildlife Service using GIS, the area had a problem with an abundance of weeds that were growing, limiting the biological diversity of the land by occupying too much area for other plants to grow (7). The organisation wanted to analyse whether using pesticide, despite its undeniable destructive effect on agricultural areas, would be the solution they could use to solve the problem without causing too much damage to other areas. GIS was used to analyse the area to determine how much pesticide should be delivered in each fragment of the land, based on each area’s size and distance from the closest water source (7). This is a good example as to how GIS can be used in agriculture since, in this instance, applying the same amount of pesticide for each area could have had devastating agricultural and environmental consequences, but instead, the appropriate amount of pesticide was administered. 
The end-user’s perception of agricultural GIS is a bit more contextually dependent since agriculture is a vast area. However, in the case of the example, users would be aiming to identify areas that are close to water sources that may already be coloured differently based on the distance from the water, to ensure those areas are given a different potency/level of pesticide. 
[bookmark: _Toc500233886]Police’s use of GIS
When a crime takes place, one of the most vital pieces of information that is required, is the location. This is because, in this area, location is used to determine multiple factors that become invaluable to the successful justification. One major use of GIS that the police make use of, is identifying crime hotspots (8). Crime hotspots allow the police to identify areas that crimes commonly take place which can lead to decision making on instances such as, allocating more police to patrol that area.
The end-user’s perception of this type of GIS would be geared toward detecting areas on the map that are coloured in an allocated shade to convey the rate of crime. Alternatively, detection of crime hotspots could be done via areas being marked with a symbol that would also determine the rate of crime in that area.
[bookmark: _Toc500233887]Environment’s use of GIS
GIS is valued greatly in the environmental area due to its capability in revealing information on a global magnitude regarding sub-areas such as global warming (9). Global warming is a difficult thing to measure when looking at the big picture, which in terms of GIS would be the world map. However, when geographical areas that hold contributable information to the phenomena are looked at specifically, such as the poles, this is when development can be made in the effort to support the validity of issues posed by global warming. Another example of environmental GIS would be visualising the levels of risk that areas would face within a certain radius of a volcanic eruption. 
The end-user’s perceptual method for this kind of GIS system (Volcanic example) would be to detect and identify, the areas within the ‘danger zone’ which would be coloured appropriately to visually communicate the severity of danger each of those areas face during the event of an eruption.
[bookmark: _Toc500233888]Theory of Geovisualisation
Geovisualisation is a term attributed to the whole process of visualising geographical locations/maps. GIS and cartography are processes that fall under the umbrella of geovisualisation. 
About the relation between geovisualisation and socio-demographic data, it is important to understand the reason as to why they are compatible. The reason as to why they are compatible is through their combined use to provide important information on a large scale. Socio-demographic data is concerned with information about the people that live in an area, information that could be collectively averaged to give a general idea as to what the area is like. An example of where this is used is in scenarios such as labelling areas as low-income or high-income, based on the average of everyone’s income in the area. Where geovisualisation becomes involved is in the process of visualising the areas followed by plotting the geospatial data on the map, graphically representing the areas and their allocated income band.
Below is an example of how geovisualisation can represent socio-demographic data in a more meaningful representation as opposed to the data being shown in charts or a graph. The reason as to why it is more useful is because areas can be compared on a large scale, whilst trends can also be more easily identifiable.
[image: https://imassurprisedasyou.files.wordpress.com/2012/06/untitled3.png]
Socio-demographic data is one example of many forms of data that is better represented through geovisualisation, and the reason as to why this is the case is because, geospatial data is better represented in a cartographically represented format, since information can be inferred much faster because, the information is already visualised and requires minimal to no conscious perceptual methods to analyse the data, theoretically meaning that what you are perceiving is the end product information as opposed to the raw data. 

[bookmark: _Toc500233889]NHS Data study
The data used in the demonstration looks at the number of admissions against the number of deaths in Wales due to respiratory defects for the years 2006 and 2015, with the intention of identifying as to whether respiratory defect related fatalities are rising relatively to the admissions. The data collected represents by local health board, not residence.
[bookmark: _Toc500233890]NHS data represented in QGIS
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[bookmark: _Toc500233893]NHS data represented in Access
[bookmark: _Toc500233894]Report
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[bookmark: _Toc500233896]
Demonstration Comparison
[bookmark: _Toc500233897]QGIS Visual
Firstly, the QGIS visualisation of the data focuses on colour depth to symbolise the number of deaths, with the lighter shades representing the low and the darker shades representing the high. People generally attribute lighter colours to a lesser value than darker colours, so from a perceptual stand point, it is likely that a user would be able to identify the areas of wales that have the highest admissions and the highest deaths regarding respiratory defects, simply based on the colour shade of the area. With the addition of a legend that has also been implemented to display the value attributed to each shade, the user would be informed as to the statistical value of each shade, allowing them to visualise the number of deaths/admissions each area had, all by perceiving the colours on the map. This is a more natural way of perceiving statistical data since it channels pre-conscious perception as opposed to conscious perception that is channelled while analysing data from cells (3). 
[bookmark: _Toc500233898]Access Minimal Visualisation
The Access visualisation consisted of a report and two graphs, one visualisation method featured minimal visualisation and the other made use of more. The report contained colours for defining the row, allowing it to stand out more but with no other meaningful purpose. Besides that, the data is conveyed in a standard report fashion that does nothing to make the identification of factors such as highest and lowest values instantly visible, instead it requires the user to properly analyse the data to distinguish which areas have the highest admissions and deaths, channelling conscious perception. The second method of visualising the data was through means of a graph, entailing far more visual components to help convey the data than the first method in Access. The graph was colour coordinated with the intended purpose of distinguishing the data for both years so that they could both be visualised together in one graph, allowing for a direct comparison to be made. The graphs also collectively convey a quicker comparison between the years for both the deaths and admissions since the bars that represent deaths are together and, the same for admission.     
[bookmark: _Toc500233899]Conclusion
The conclusion as to what performs better in conveying information is subjective, and depends on the individual’s preferred method of data perception. However, areas where a contrast can be made that will determine a preference exist surrounding the visualisation. QGIS provides information on a level of non-conscious perception, meaning information can be inferred quickly and naturally through the graphical visualisation. Access provides information on a more conscious level of perception, meaning information must be gathered through analysis which is generally a slower way of obtaining information than what is offered via QGIS. Access does however offer the option to graphically visualise the data in a graph format, this is a more useful method of displaying statistical data that is being compared because the data for each year is displayed together and differentiated by the colour whereas, QGIS only graphically visualises one set of data at a time, making comparisons between data longer. 
Overall, both are good for the purpose they are built to serve, with Access not being exclusively responsible for geospatial data unlike QGIS, so it comes as no surprise that regarding the most optimal solution for graphically visualising spatial data, QGIS is better.


[bookmark: _Toc500233900]GIS’ utilisation in healthcare
GIS has an unprecedented amount of potential within the area of healthcare, capable of contributing to the identification of trends that are present regarding diseases or other health defects in areas on a national scale. This would allow further information to be derived by leading to decisions to initiate investigations into to why some areas may be much more afflicted by a disease compared to others. Healthcare can benefit from GIS also, as demonstrated in the example, where data can be visualised to show geospatial data. It can also be used to compare data on a yearly basis, which would help identify trends such as an increase or decrease of specific health defects.
To conclude, GIS has a very welcome spot in the health care area through the capabilities it offers when it comes to analysing health care related geospatial data.
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