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The Origins of Cartographic Representation 
For millennia humans have attempted to better understand the world around us and have sought to represent our planet visually by creating maps, a practice known as cartography. The earliest surviving map of earth, the Babylonian Map of the World, dates back to the 5th century BC and resides at the British Museum. The Babylonian map is carved into a clay tablet and depicts a bird’s eye view of what was considered to be the surface of the earth using basic geometric shapes rather than accurate representations (1). Interestingly, the Babylonian Map set a trend that would be followed for many years which has come to be known as Cartographic Propaganda. It is believed that the Babylonians were aware of the existence of neighbouring nations such as the Persians and Egyptians yet chose to omit them from the map intentionally and also placed the city of Babylon at the centre to give it importance and prominence (2).
Another powerful example of such political distortion of maps can be seen in the British Empire map of 1890. Six years after Greenwich was officially stated the zero longitude (to provide a standard by which all nations can measure time) (3) the British Empire published a map extending 490 degrees of longitude. By no mistake, this world map with Britain in a prominent central location displayed the British colonies of Australia, India and New Zealand twice. This was a clever misrepresentation of prominence done to influence the belief that the British Empire possessed more landmass than it actually had (4).
Aided by satellite imagery and as the practice of cartography has matured, modern day maps are far less distorted but still not perfect. The task of creating an accurate world map still generates an interesting dilemma when considering the most accurate way to portray the spherical surface of the earth on a plane surface such as paper. To resolve this conundrum different projections are used that transform the spherical image of the earth onto a plane, the most commonly used is the 450 year old Mercator Projection (5). The significant flaw with the Mercator Projection is that objects closer to the earth’s poles appear larger than is accurate and those more central appear smaller.
Visual Perception and the Map as a Visual Information System
To make a map a truly effective visual tool the exchange of information between the map and the viewer must be rapid. The map is an image made up of a number of graphic properties such as colours and images to portray information to the viewer. Images are interpreted by the human brain as light rays reflect from the surface of the image and make contact with the eye. The photoreceptors in the human eye to receive light of different wave lengths allowing the brain to interpret depth of vision and colours (27).
The modern map is a valuable visual information tool and should contain a number of essential features including:
· Border – The focus area of the map should be identified by a border surrounding the map in question.
· Orientation – A map should feature a North arrow to indicate the orientation of the map.
· Legend – A map legend will translate the meaning of symbols used on a map.
· Title – A concise and accurate title should be applied to a map to identify the location and to give context to the map.
· Scale – A scale is used to represent actual distances between objects and locations.
· Source – The source is important to identify the original creator of the map. It should also provide further metadata including the projection type, units of measure and any other valuable information.
Highly detailed maps may contain more features than listed above including lines of longitude and latitude, grid reference system, altitude markers, additional context map, fault lines and more according to the purpose of the map.
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When considering major milestones in the progress and development of geovisualisation and GIS, Dr Jon Snow is a name that stands above all others. Snow, a Physician born in London in 1813 is well-known for his work tracing the source of a cholera outbreak in London in 1854. The first major cholera pandemic was recorded in 1817 and lasted six years spreading throughout India before a second great wave between 1826 and 1837 that spread across Asia and into Europe with devastating effect (6). The severity of this outbreak was exemplified by the death of 55,000 individuals in Paris in a single week in 1832 (7). With such devastation now on British shores Snow took it upon himself to study the deaths so far in an attempt to find the cause. In his letter to the Medical Times and Gazette in 1854 Snow says that after suspecting and observing a change in water quality from the Broad Street pump he “requested permission, therefore, to take a list at the General Register Office of the deaths from cholera registered during the week ending September 2, in the sub-districts of Golden-square, Berwick-street, and St. Ann's, Soho”. Snow explains that a visit to the locations made clear to him that many were located within close proximity of the Broad Street pump (8). To add further weight to his findings Snow noted how significantly less deaths had been registered where an alternative water pump was located nearer. From the data collected from the General Register Office and his own research Snow was able to plot the deaths on a map which clearly supported his findings that a significant proportion of cholera deaths had occurred in homes near the Broad Street pump. The map below was produced by Snow and has become one of the most significant milestones in geovisualisation. Snow, by taking textual data and placing it on a map began a process of geovisualisation and spatial analysis to resolve a problem. Snow died just four years after his ground-breaking work in 1858 following a stroke and would never realise the foundations that his astonishing work would lay in what we now know as epidemiology, the study of the spreading of disease, and also as an example of the practical use of spatial data analysis and geovisualisation.
[image: https://upload.wikimedia.org/wikipedia/commons/2/27/Snow-cholera-map-1.jpg](9)
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The emergence of computers and the harnessing of their power brought about a more dynamic and influential platform for GIS to develop. Unknowingly, in the early days of GIS a number of initiatives were being developed by various individuals and organisations in different locations seemingly in ignorance of each other (10). While these early GIS systems were being developed in a number of locations it was the work of Dr Roger Tomlinson that was truly credited as the first GIS system. It was during his time with the Canadian Government in the 1960s that Tomlinson, often referred to as “the father of GIS”, led the development of the Canadian Geographic Information System (CGIS), a system designed to work in partnership with the Canada Land Inventory with the purpose of creating a “map and related data could be stored in a form suitable for processing by a computer” and allowing the user to perform measurements and comparison of data rapidly (11)(12).
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With the foundations of GIS set and the continued emergence of computer technology, computing power and the use of digital databases the rise of computer GIS was inevitable. With the immense benefits and potential of digital mapping being realised by universities, businesses and governments, companies such as Esri were born. Esri are the developers and owners ArcGIS, the world’s leading GIS package. In 2015 the ARC Advisory Group estimated that Esri dominated the GIS market with a share of 43% while their nearest competitor held just an 11% market share (13). With powerful packages becoming more readily available (including open source options such as QGIS), the continued rapid growth of computing power and the importance of GIS being well-recognised the progression to mass general public use was soon realised. In 2001, software company KeyHole released KeyHole EarthViewer which was later acquired by Google in 2005 and rebranded as Google Earth. By using satellite imagery Google Earth rendered a 3D image of the earth and allowed users to interact with a map in a way that many had not done before with the ability to pan, zoom and tilt over the digital surface of the earth. Google Earth was not the first publicly available digital map, in fact Google Maps launched earlier in the same year but Google Earth broke ground in bringing digital mapping tools to the many. The phenomenal popularity of Google Earth is exemplified by the 1 billion downloads it amassed in the six years following its release (14).
Geovisualisation, the practice of visualising spatial data, has grown such that it has become common place in modern culture. Martin Dodge of Manchester University suggests that in modern day visual representation is more important than ever before stating “[vision] is the quickest and most direct source of information, the widest-ranging and the one that supposedly offers the truth” (15). Geovisualisation allows viewers to create an association between data and a geographical location far quicker than analysing textual data. Geovisualisation gives the viewer an immediate context to the data they are viewing by defining a location. The following are some examples of how Geovisualisation is used in modern life:







BBC – Election Map
[image: ](16)
The above image was published by the BBC on 10th June 2017 and represents the results of the UK’s 2017 general election. Each constituency is clearly outlined and then filled with the colour of the party that was elected in that constituency. Such use of geovisualisation is not necessarily effective in portraying statistical data but what it does represent is a far more clear and easy to interpret representation of how the result was spread.
NorseCorp – Cyber Attack Map
[image: ](17)
Norse are a security company that specialise in identifying and protecting customers from digital attacks and claim to have the “biggest dedicated threat detection network in the world”. Norse use geovisualisation to provide a real-time cyber-attack map that shows the origin and target of cyber-attacks around the world. Norse is another example of how geographical context can allow users to easily identify trends, patterns and frequent behaviours. 

Save the Children – Child Poverty Map (UK)
[image: https://static.guim.co.uk/sys-images/Guardian/Pix/photobylines/2011/2/22/1298395206207/Children-in-poverty-graph-008.jpg](18)
The map above, originally created by Save the Children and published by The Guardian is based on data generated in 2008/2009 and is an example of how geovisualisation can be used specifically in a sociodemographic context. Sociodemographic data is that pertaining to factors considered social and about a population or group of people. This map identifies the percentage of children living in poverty in each local authority (LA) in the UK. In its original spreadsheet format the amount of textual and statistical data can be difficult to analyse. In a spreadsheet the data can be easily sorted and filtered but it may not necessarily be meaningful. For example, it would be simple to sort the data to find which five LAs have the highest child poverty percentage or to alphabetically list the LAs to easily find a desired record but this low level of analysis provides no context. Taking a closer look at the map above it is easy to identify that the majority of South and West Wales regions have 15-20% child poverty levels.
As we move forward it seems GIS is still yet to recognise its full potential. The University of Southern California lists some of the recent uses and successes of GIS including the Mars Odyssey Mission where 20,000 images were captured to create a digital map of the surface of Mars (19)(20). Closer to home GIS is credited as an essential tool for geologists and geophysicists studying mineral deposits around the world. Geophysicists claim they are “collecting more data than ever before and examining their findings with greater scrutiny” (21).
The benefits then are clear. Geovisualisation and GIS software allow us not only to analyse spatial data more quickly than ever before but also to manipulate the physical world around us on a digital platform. Of course, geovisualisation and GIS are not without fault with some arguing that tools such as Google Street View are invasive and that data can be inaccurate resulting in unreliable information. Although disadvantages exist the reality seems to be that the benefits far outweigh any drawbacks. 
M.F Goodchild and P.A Longley, notable authors in the field of GIS summarised the potential of GIS best in their paper entitled “The future of GIS and spatial analysis” stating “the prospects for spatial analysis have never been better. Data are available in unprecedented volume, and are easily accessed over today’s communication networks. More methods of spatial analysis are implemented in today’s GIS than ever before, and GIS has made methods of analysis that were previously locked in obscure journals easy and straightforward to use” (22).
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To analyse the effectiveness of Microsoft Access and QGIS as SDSS I have acquired data from HealthMapsWales, an online repository containing data relating to hospital records in Wales. HealthMapsWales, as part of the NHS, provides data relating to hospital admissions, mortality rates, waiting times. (23)
I have chosen to analyse data pertaining to the dental and oral health of 12 year olds in Wales specifically focussing on the financial years 2000/01 and 2008/09, the earliest and most recent available data in this area. 
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Microsoft Access is a desktop database management system intended primarily to create and manage small relational databases made up of textual data. With all of my required data imported to Access in a single data table I created SQL queries to extract the information I required.
[image: ]
[image: ]
In the example above I have created an SQL query to retrieve the percentage of children with decayed teeth in 00/01 and 08/09. This information was returned in a table format sorted alphabetically by Local Authority.


[image: ]
Above: This screenshot is a report generated in Access suitable for printing and presentation.

Microsoft Access also benefits from the ability to create graphs and charts. Here are a number of examples I have fashioned.
[image: ]
Above: This bar chart was created using the information retrieved by the previously displayed query. The chart places 00/01 and 08/09 data alongside each other allowing it to be quickly compared and analysed by the viewer.
[image: ]
Above: This is a stacked bar chart. Each horizontal bar represents the sum of two values and gives them a percentage share according to their value. In this case the 00/01 is generally over 50% indicating it is a higher value than its 08/09 counterpart.

[image: ]
Above: Using the same data as the stacked bar chart I have generated a radar chart. The further from the centre the point is placed the greater the data value. In this example all of the 00/01 data is greater than the 08/09 except for the case of Torfaen where the red line extends beyond the blue line.
[image: ][image: ]
Above: These are simple bar charts indicating the values of the five Welsh regions with the lowest percentage of tooth decay in 12 year olds for 00/01 and 08/09. They are standalone bar charts that can be compared side by side.
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QGIS is an open source desktop GIS application designed with the intention of allowing a user to view, analyse and manipulate geospatial data. Users are also able to compose and export graphical maps in formats suitable for printing or digital use.
A common form of geospatial data used within GIS is location data where a specific point is identified using an X and Y coordinates. For example, if a user wished to identify a landmark on their map it would be done so by using X and Y coordinates. The data I have acquired and analysed however uses data with regional attributes. The image below depicts Wales and its 22 local authorities. To create the image below I utilised a .shp file provided by the official Ordnance Survey website (24). The base map is provided by the OpenStreetMap Foundation (25).
[image: ]
With the base map and regions in place I then imported the data provided by HealthMapsWales. The data is imported into an attribute table within GIS and then joined to a newly created map layer. By doing so the map layer and its appearance can be influenced by the data. The following images display an attribute table in GIS and the layers panel.
[image: ][image: ]

With the same data used in the earlier Access examples now successfully imported into GIS I began the process of geovisualisation. Within the styling properties I defined a range of colours to be used to fill each of the regional areas. The colour selection for each region is rule based and is selected according to an attribute’s value in the data table. For example, the lightest colour will be used when the corresponding attribute’s value is between 31 and 34 and the darkest colour is used when the attribute’s value is between 64 and 67. In this demonstration the data used is the 08/09 percentage of 12 year olds in Wales with carious teeth. Within the styling properties I have also indicated that each region should be labelled with the corresponding local authority name.
[image: ]
To complete this map I launched the print composer tool in QGIS allowing me to produce a map ready for print and presentation. The map below is the final product and includes a number of the key features to be expected of a high quality map including a clear title, a north arrow, a map scale and a legend/key.
[image: C:\Users\Doey\AppData\Local\Microsoft\Windows\INetCache\Content.Word\0809CariousTeeth%.png]
The following document depicts the same map of Wales influenced by two different data sets. The map on the left represents Wales according to data provided in 2000/01 and the map on the right is influenced by data from 2008/09. Again, the map contains the key features to be expected of a high quality map and is a fantastic example of how geovisualisation gives the user rapid feedback when analysing and comparing different data sets.
[image: ]
In the example above I have chosen to use no form of labelling. In this instance I felt that labelling was somewhat unnecessary but of course this is entirely dependent on the preference and familiarity of the viewer. According to the preference of the viewer a range of styling and labelling options can be explored. The following examples represent just some of the additional styling options available.
[image: ]
Welsh regions map labelled with a percentage.
[image: ]
Welsh regions map with the local authority name and percentage labelled.
[image: ]
Welsh regions map with the solid coloured region boundary lines removed.
The examples above highlight some of the major differences in textual and geospatial data analysis. While Access is a powerful tool for managing, retrieving and reporting on data it is unable to give geospatial data the context that it requires to be truly meaningful. Alternatively, although GIS is incredibly effective at visualising geospatial data it becomes a redundant tool if the user simply requires statistics to be graphed and charted.
What GIS provides is a means of placing data on a map and giving it a real world context. The viewer is easily able to identify trends, patterns and changes in a location and can do so rapidly. Access however doesn’t provide this geographical context and while it may be useful for directly comparing points in data it doesn’t efficiently provide an overview in the same way maps like those above can. Importantly, the geographical context provided by GIS can support a more informed decision making process. For example, when considering opening a new dental practice a number of factors including local population and the location of existing practices can be easily plotted on a map and analysed. This same process without geovisualisation would be an arduous task far more likely to produce less effective results.
The following images have been generated using an identical data set and provide a good example of some of the functional differences discussed earlier. The Access report on the left provides a simple text report that allows the viewer to directly compare data. The comparison maps on the right have been created in QGIS and benefit from geographical context. By portraying the data on a map the viewer is easily able to recognise changes that have occurred and identify where further improvements can be made.
[image: ][image: ]
[bookmark: _Toc499149185]In my examples I have utilised data gathered from the healthcare sector to demonstrate how GIS can benefit healthcare informatics analysis. The old adage that “a picture is worth a thousand words” concisely summarises the power of GIS and geovisualisation as a practice. In fact, medical doctors Yasnoff and Sondik state that in an increasingly visual society GIS is able to grab the attention of decision makers far more effectively and that “GIS systems provide the quick response needed for public health decision making” (26).
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