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Abstract. Maps are ubiquitous, and created by people of all skill levels. However, many users still struggle to effectively interpret spatial information. This difficulty to interpret spatial information can lead to negative experiences. This can be of great concern when these users need to undertake navigational tasks such as wayfinding. As a result, map users may experience anything ranging from unnecessary anxiety to sometimes tragic consequences, due to them being geographically disoriented or completely unaware of their location. To improve the map reading experience for all map readers, it is argued that maps need to be created that allow them to interpret spatial information more easily and effectively. 
People who are unable to effectively interpret spatial information have come to be known as ‘functionally map illiterate’ (Clarke 2003). Functionally map illiterate individuals are those that are unable to interpret spatial information in a way which allows them to incorporate and use it in their daily lives and therefore benefit from such information.
This paper presents an element of research that is investigating the effective means of conveying spatial information to people that have difficulty in interpreting maps. It is a first step for understanding how cartographic information is conveyed.  It is important for research such as this to be undertaken from both historical and empirical approaches. Research in past and current practices in map design is essential to identify which design practices are effective. By undertaking a comparison of these practices maps deemed to be best practice can be identified and used as exemplars when ascertaining good map design. 
Existing map designs need to be evaluated to determine any causes of ambiguity that may exist. Identifying these causes would allow for alternatives to be incorporated, specifically aimed at the functionally map illiterate. 
In this paper we provide the results for effective map design practices and supportive evidence that illustrates the choice of artifacts chosen. The source used to identify effective design practices was the invaluable MapCarte blog written by Dr. Kenneth Field in 2014. 
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Introduction
The ultimate goal for any cartographer is to create the most effective map. To do so, map design practices that are the most effective need to be identified. In this case, maps used for the purpose of tourist wayfinding were analysed. The reason for this being that the overall research project is analysing the use of tourist maps by functionally map illiterate individuals. 
Map designs vary due to numerous factors; audience, format, media, technological capabilities, purpose, etc. It is therefore important to take these factors in to consideration when designing a cartographic product. People differ in their abilities to read and interpret spatial information (Keates 1982). Users with a poor ability to interpret such information have come to be known as ‘map illiterate’. It is not yet known, why these people lack this skill, but given the ever-evolving technological opportunities available to us, it may be possible to determine which aspects of map design these users most struggle with. In turn, we can create a product that is more easily read and understood by these users.
Designs of maps have been evolving since the beginning of time. As technology improves, our abilities to create maps grow. People from all disciplines are making maps and using technologies familiar to them to do so. It is no longer just the cartographer who makes maps. 
By studying the various design practices from past and recent times, we can begin to get a sense of which practices are indeed effective. There a numerous examples of effective cartographic designs however, the constraints of this paper means only a handful can be analysed. The selected artifacts are representative of tourist maps that can be used by novices and experts.
Identifying effective practices allows us to select the most appropriate cartographic artifacts for further evaluation. Indeed there is no sense in testing the efficacy of a poorly designed map. To get an accurate picture of which elements of cartographic design map illiterate individuals find ambiguous, it is necessary to provide them with the highest quality artifacts, since it is assumed that the better the cartographic product, the lower the level of ambiguity. Whether this is accurate is not yet known, but will be tested in further study following from this research. Through the identification of effective products we also have the ability to choose the best aspects of each product and combine them to create an entirely new product. 
When analysing tourist maps it is necessary to consider the users’ needs. They are interested in prominent landmarks, access to public transport, accommodation, restaurants, key landmarks and popular tourist attractions. Tourists present a unique situation where they often have no prior experience in the city they are in, and therefore in reading and using a map of the area. Their lack of familiarity renders them highly dependent on maps or map-related objects such as GPS devices. Another important consideration is which cities most tourists are visiting, thereby understanding which cities are in most need of cartographic products for these particular users. As at 2014, and according to Hedrick-Wong and Choong (2014) the top ten visited cities in the world were: London, Bangkok, Paris, Singapore, Dubai, New York, Istanbul, Kuala Lumpur, Hong Kong and Seoul. With this in mind, cartographic artifacts are needed that can be tested in one or several of these locations. Many of these cities contrast in their layout; New York works on a grid system, whereas London seems to have no formal structure with many using the River Thames as a tool for orientation and understanding their whereabouts. It is therefore imperative to test in areas with different spatial layouts with the same effective cartographic product.
Review of Design Practices
Design practices have continued to evolve over time. Many of the design principles established in the early history of cartography remain unchanged (Elements of Cartography, Robinson et al. 1995). Hence the developments we have seen in design practices are largely due to ever improving and innovative technologies but also through research in to how people interpret graphic information. 
This section will look at the history of cartographic design practices and will identify past and recent design practices as well as suggest possibilities of future design practices.
Past Design Practices
The first steps of evolution in mapping practices came in the form of concept development. As concepts for mapping became clearer, the evolutionary aspect of mapping began focusing more on technological advancements.
At the beginning of map making, maps were often more figurative as opposed to literal. People were mapping concepts such as winds and currents rather than space (Robinson et al. 1995). 
Following from this, the Greeks developed the concept of geometry. This provided a means to define shape and size, particularly of the earth and provided a solid basis for the development of the geographic reference system (Edney 1993). 
From a technological point of view, maps were first created using manual technologies such as clay, papyrus, silk, metal etc. in conjunction with hand held tools. At this stage in cartographic history, maps were very expensive to produce and reproductions were just as difficult and costly. Maps were therefore not widely available and the skill of map making was reserved to a handful of trades (Robinson et al. 1995).
The development of mechanical technology had the largest effect on the reproduction aspect of map making. It was now easier and cheaper to reproduce maps (Tyner 1992).
The introduction of electronic technology led to further developments within in the cartographic industry; higher volumes of data could be stored and computer generated maps developed. Algorithms were written to create these maps instead of cartographers having to oversee every aspect of map production. The electronic revolution also opened the world up to cartographic design. Average map users were now able to access maps at low cost as well as create their own maps. The central focus of map design and production was shifted towards helping users create their own products (Slocum 1999). Users began interacting with maps and spatial data in a new way. The development of Google Maps and Google Earth saw data being displayed and accessed in new ways.
Recent Design Practices 
In recent years we have seen the impact that big data has had. Maps are often out of date as soon as they are published due to our ability to obtain constant updates in data. 
Access to real-time data updates has led to geographic phenomena like traffic conditions being mapped. Satellite technologies have led to satellite navigation systems which are available in almost every new car on the market. 
Web 2.0 brought in a new wave of possibilities for the cartographic industry. It provided a new way to look at the craft of map making. Volunteered Geographic Information and crowd sourcing have become very popular since almost everyone can update information and the demand for up to date and accurate maps continues to increase. More of a community approach is being taken to make maps (Contin 2014). 
The popularity of computer games and the increasing resolution and graphics in computer games means this technology can and has now been introduced in to the world of cartographic design. We can create 3D maps that look more and more realistic. 
Another promising field is that of augmented and virtual realities. Users can be ‘in the map’ and experience external locations from their own home or office. This affords them the possibility of experiencing places without being physically present in that environment, just as occurs in immersive computer games with fictional environments.
Future Design Practices
New technologies currently being developed and refined include Google Glass and driverless cars. With Google Glass we will see a new way for people to access maps and a new way to display them. Driverless cars will be reliant on satellite navigation systems and therefore, the graphic aspect of navigation will decrease. A question this paper poses is, is it possible, at least in terms of car travel, that people in the future will not even consult a map as we know it? 
Effective Design Practices
All designs need to be clear. They need to be easily interpreted by the users and to keep ambiguities to a minimum. This means cartographic products cannot be too cluttered. Users must be able to isolate certain features in order to understand their meaning.
Although there are many rules as to how cartographic products should be designed, there are designers who have been known to ‘buck’ the trend (e.g. Henry Beck’s map of the London Underground) which have resulted in some impressive works being created. Therefore, when looking at effective designs, it is important to not only look at designs that follow convention but also at those which do not conform. We can learn a great deal from those who challenge the ‘rules’.  
Designs Applicable to Tourist Maps
Tourist maps in particular present a vast array of challenges; currently, maps are restricted to one language. Map conventions may differ among different cultural groups, users will have varying map reading abilities and levels of experience, layouts of landscapes vary greatly etc. Hence, a large number of variables need to be taken in to consideration when designing a cartographic product for use by tourists.
Those who travel know that whilst it is a very enriching experience, it can also be a significant cause of stress. Becoming lost in unfamiliar environments, especially those with which you do not share a common language can be extremely daunting.  Due to the unlimited variables and also because of the added stress that travel can induce, it is necessary to create products that are both explicit and implicit to reduce the challenge of map reading. 
Of the cartographic artifacts explored, it is apparent that we can utilise design elements of each to create an effective tourist map. Being that these artifacts have all been proven successful in their own rights, we have the opportunity to combine the best elements of each.
The London A-Z and Melway map have been widely accepted and celebrated within their local communities. They have been shown to be effective tools over a long period of time. Many tourists refer to the London A-Z when in London and this certainly speaks to the quality of the map. Where these designs fall down however, is their inability to route plan. Although these products are available in a digital format, there are limited querying abilities.
Google Maps works well for tourist maps because it is first and foremost, familiar globally. It can be accessed using a small smartphone or tablet which most of us carry. However, in situations where access to WiFi is not possible or the battery is discharged, we lose our access to this map. Google also has the benefit of route planning depending on your mode of transport and can also provide a list of step by step instructions if the map on its own is insufficient.
The Recce app brings in a brand new design using computer game influences. The 3D and realistic nature of this app would certainly appeal to many map users. It is engaging and allows the user to interact and explore the area covered by this app. Again, the downfall with this is that it can only be accessed on a smartphone or tablet. 
The Palomar Crumpler map is good in its design because of the material the maps are printed on. The material will not tear and it doesn’t matter if it gets wet, which is a problem with paper and electrical devices. Often when travelling we can be very rushed and disorganized so the beauty of this product is in its durability. As with the London A-Z, Melway and Recce app, this does not allow for a route planner which is obviously difficult for a static and hardcopy map.
From these maps however, we can identify certain properties that are very useful:
· Contrasting colour
· Eye catching and engaging
· Route planning
· 3D design
· Weather proof and tear proof materials
· Great acceptance by a wide audience
The above characteristics allow us to identify the most effective properties of each design to create a new product. 
What these artifacts are missing however, is their lack of interchangeability between different technological platforms.  Some of these artifacts lack route planning services, the ability for users to identify their location and provide assistance for public transport services. The scale is also quite limited on most. Room for improvement certainly exists within all artifacts identified.
Effective Design in Cartographic Artifacts
If there is one thing known about cartographic design, it’s that no single design works for all purposes and no single design is perceivable to all users (Delikostidis 2011; MacEachren 2004; Keates 1982). Therefore, designs may only be effective based on their intended purpose. Where one particular design may work well in one instance it may not in another. This however is quite helpful. It means there is flexibility in cartographic design. By identifying effective practices that already exist in cartographic artifacts we can be clear about which design aspects are effective and which are not, providing a better opportunity to produce a useful cartographic product. The constant developments in technology mean there are more platforms on which spatial information can be displayed. To remain up to date with technological developments, companies in the cartographic design field need to be able to implement their design on various platforms to keep up with user demands. With the increasing technologies available to us, people expect products such as maps to conform to their devices, to be displayed on platforms they, as individuals, prefer. As a result, the concept of ‘designed once, published many’ has arisen. Companies like London A-Z who were once only creating paper street directories now have web interfaces and apps available for download. 
To determine effective design, five cartographic artifacts were assessed for their design successes. Due to the existence of map illiterate individuals it is beneficial to find a design, or design from scratch, something entirely new that such people can use and that is available on different formats. 
[image: ]London A-Z Figure 1. London A-Z, Map of London (http://www.az.co.uk/?nid=354)

The first London A-Z product was created in 1938 (A-Z 2015). Never before had London been mapped in this way. It was published in a pocketbook size so  it could be used by people navigating city streets. Whilst beginning with quite a rudimentary and inconsistent design, the A-Z became very popular and quickly accepted amongst locals and tourists alike. With such a comprehensive cover of London, this product has become an excellent example of cartographic design. Its wide acceptance by the community is a reflection of how well designed the product is. Due to the level of detail it can be used by almost anyone. The colours contrast well and the font is fitting and legible. Given that this product has been in use since 1938 it is safe to say it is a successful cartographic design. One could safely assume that before the age of online maps, almost every tourist visiting London would have taken home a copy of the London A-Z.
Recce (Recce App)
This app is available on iPhone for London, New York, San Francisco and Melbourne,   and on Android for London. What makes this particular cartographic product so impressive is its ability to almost replicate reality. Designed with an oblique point of view and with a computer games design influence, this app is an excellent example of the types of options available to cartographers. There is movement on the River Thames, cars, buses, trains, boats to give it a more realistic feel. The [image: ]buildings all resemble the actual buildings themselves, thereby helping to eliminate ambiguity since users can see before reaching their destination what the surroundings will look like. It is also displayed in 3D, further increasing its likeness to reality. Using the pan tool, the user can see all aspects of the landscape and orient it to suit their viewing position. There are search options which allow the user to locate themselves on the map, they can search for nearby transport, landmarks and other features. Labels on the streets and popular landmarks help the user to identify their location and destination. This app is an excellent example of how far technology has come in recent years and also of the types of technologies which can be applied to cartographic designs. The colours in this app reflect the in situ colours and the san serif font used is very clear and legible. What this app lacks is its inability for users to search a route between two points which is a very common task users request of navigational products. It could also lead to confusion due to the oblique view and landmarks being hidden behind one another if the user doesn’t rotate the image appropriately. Figure 2. Screenshot Map from Recce App

[image: ]Beck and Vignelli 
When looking at good examples of cartographic design, it is impossible to go past Henry Beck’s map of the London Underground. As a revolutionary design, it changed how transport systems were mapped from then on. It has been hugely influential the world over. Using different colours for different lines and keeping the design very simple mean it is very useful. The only topographic feature included in this map is the River Thames. This of course is also really all that is required to help one to understand their location in a greater context. Since the London Underground is exactly that, underground, there was no need to provide large amounts of detailed topographic information. The intended use of this map was to help commuters navigate from one station to another and nothing more. This map shows the order of the stations clearly and therefore leaves less room for confusion or ambiguity. This map definitely highlights that radical designs can in fact be useful and that not all maps for the purpose of navigation need to follow the same rules, depending of course on their context and purpose. Figure 3. Henry Beck's Map of the London Underground 1931 (http://www.the-guardian.com/books/2015/feb/10/great-railway-maps-world-mark-ovenden-review#img-1)

[image: ]In 1972, Massimo Vignelli created a map of the New York Subway System for the New York Metropolitan Transit Authority (MTA).  The MTA requested it be created with lines at 45 and 90 degrees not unlike that of Henry Beck (MTA 2015). The resulting map is very clear and concise. It shows users only what they need to know to get from one station to another. Like Beck’s map, each train line has its own unique colour. Comparable to the London Underground, the New York Subway is a very complex system and therefore benefits from such a simplistic design. Unfortunately, the users of the subway did not share this feeling or the same fondness towards Vignelli’s map as Londoners did towards Beck’s map, and argued its topographic inaccuracies (Shapiro 2014). They seemed to miss the point of this design. This map only lasted until 1979 when it was replaced by Mike Hertz’s more ‘geographically correct’ version (MTA 2015).  Figure 4. Massimo Vignelli's Map of the New York City Subway (http://www.theverge.com/2014/5/27/5755158/massimo-vignelli-nyc-subway-map-designer-dies-at-83)





Melway 
[image: ]The Melway street directory created by Ausway for the citizens of Melbourne, Australia is very popular. In the 80s and 90s in particular, it would have been difficult to find a vehicle without a copy of the Melway under the passenger seat. Most Melbournians are very fond of this great cartographic product and for good reason. It is a very simple product to read. The colours are intuitive, as are the symbols and the text is clear and simple. Many Melbournians still prefer to use the Melway instead of any other navigational tool. It is only since the introduction of Google Maps that this product is less frequently used. However, having been fortunate to be treated to such a cartographic delight as the Melway, many of us use Google Maps instead out of convenience rather than preference. Whilst Google Maps is useful, it does not have the aesthetic charm the Melway has. Figure 5. Ausway, Map of Melbourne CBD (http://www.melway.com.au/online-maps)

[image: ]Google  Figure 6. Google Maps, Map of Rio de Janeiro (https://www.google.com.au/maps-/@22.8996154,-43.2047644,13z)

[bookmark: _GoBack]In 2005 the world was introduced to Google Maps. This mapping application revolutionised mapping as we knew it (Field 2014). We could now look up a map for almost anywhere in the world without leaving our homes, and at no cost. Users were no longer required to purchase print versions of maps unless they were to be travelling in an area free of internet access. Google Maps are likely the most used map in the world (Field 2014). This product has the ability to reach anywhere in the world. The design of Google Maps is quite intuitive and the colour scheme effective. This product allows users to zoom in and out, pan and explore like nothing ever before. Users can type their location in to the search engine and find a number of routes to their desired destination. The wide reach of Google Maps can be further cemented by the fact that the word ‘Google’ is also used as a verb. Amongst many people, when someone asks where a particular location is, it is not at all uncommon for someone to reply with ‘Just google it.’ One of the greatest design aspects of Google Maps was and still is its accessibility. 
[image: ]Palomar Crumpler Maps Figure 7. Palomar Crumpled Maps (http://www.palomarweb.com/cms/content/crumpled-city)


The cartographic design of the adult versions of these maps is conventional in that standard colours, symbology, orientation and layout are used and do not contain any real surprises from a design perspective. They are clear and easy to read, with good contrasting colours and text placement. The ingenuity of this specific product really is that it’s a new take on an old favourite. Many people still prefer paper maps as opposed to digital maps (Detwiler 2014). Digital maps have drawbacks in terms of screen size and battery life, and not all devices that display digital maps are waterproof. This map overcomes all of these shortcomings. These maps are produced on a durable material that is waterproof and resistant to tears. The idea is that one can scrunch the map up and put it in their pocket or bag. They will not end up with tear lines along the folds that they need to repair with sticky tape. Maps are available for many cities and there is also a children’s version. 
[image: ]In contrast to the standard version of the Palomar Crumpled Maps the children’s design uses a different colour palette; one that is more likely to be engaging and eye catching to children. This map takes on more of an illustrative appearance similar to those we see in children’s books. The simplified versions of the standard maps mean children are more able to engage with the map reading tasks required when on vacation with their parents. The design of the children’s version works because it provides a fun and exciting platform for children to explore their surroundings and build upon their spatial skills. What’s more is that due to the durability of the material, these maps will not tear due to misuse and children can be as rough with them as they like. Figure 8. Palomar Crumpled Map Junior (http://www.palomarweb.co-m/web/Crumpled-City-Junior)

Comparison of Effective Design Practices
[image: ]Table 1 (below) shows which desirable design properties each of the artifacts contain. The creation of this table will assist in establishing which artifacts will be useful for further evaluation of effective map design practices. Using this table we can effectively see which artifacts contain which properties.
Table 1. Comparison of Design Properties for each Cartographic Artifact.

Artifacts Chosen for Further Evaluation
In deciding upon artifacts for further evaluation, it needs to ensured that there is a broad range to evaluate. Having similar maps will not be useful since they are likely to be as usable as one another. It is necessary to determine which aspects of each map this particular user group of map illiterate individuals prefer, in order to be able to determine the best cartographic product for them or instead create a new product entirely. By consulting the table above in Section 4, we can identify which artifacts show the greatest contrasts between one another in terms of their design, and therefore use it as a tool for selecting artifacts to be used for further evaluation.
· London A-Z
· Google
· Recce
· Palomar Crumpler
These artifacts have been selected because they possess different design properties. This will be helpful because the contrast will allow for effective comparison between and within design practices when the evaluation is undertaken. Furthermore, all of these cartographic artifacts can be assessed in London, which is the top city listed by Hedwick-Wong and Choong (2014). Consistency is important in this situation because different landscapes vary in their complexities, with some being easier to navigate than others. By keeping the testing location consistent, a more comprehensive comparison between the artifacts can be undertaken. 
1. Conclusion
This research paper has identified several exemplars of effective cartographic design practices. Examples of cartographic artifacts were reviewed and selected for further evaluation of their usability. These artifacts will be   used in further research that will involve conducting tests on human test subjects to identify which design practices are the most effective for functionally map illiterate individuals.   
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