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1. INTRODUCTION

The advent of new geo-technologies particularly Location Based Services (LBS) make the future of cartography and personal wayfinding rich with interesting possibilities. Similar to in-car Sat-Nav systems, that are experiencing unprecedented growth since becoming the latest ‘must have’ gadget, Personal Navigation Devices (PND) combine detailed up-to-date information on personal location using Geographical Positioning System (GPS) satellites with electronically stored data about the surrounding environment in convenient hand held equipment such as Personal Digital Assistants (PDA) and mobile phones. 

However the development of automatic mobile navigation equipment raises serious questions about the future of mapping for blind and partially sighted people. Will electronic devices ultimately replace conventional tactile maps? Will new mobile digital technology complement existing static raised print maps? Or will wayfinding tools encourage a new breed of user altogether, people who have until now eschewed any representation of geographic data? Answers to these questions are hard to find, but this paper sets out to explore these difficult issues by asking visually impaired people, the potential users of new navigation technology, what they think. Of course these questions can be asked of all strands of cartography, but they have particular resonance for tactile mapping, which has arrived at a crossroads. Though difficult to measure, evidence based on comments of tactile map users would suggest that depicting environments using static raised line graphics, which closely approximate to conventional print maps, are unpopular because they have not worked that well (Rowell & Ungar, 2003) [1]. By removing the difficulties encountered learning and understanding maps, new mobile navigation devices represent a much easier option for wayfinding. On first appearances that exciting promise is unlikely to mark a turning point in the fortune of more established maps. This paper also wants to discover if the transition between tactile maps and new geo-technology will be as straightforward as this seems to suggest. 

Personal Guidance Systems (PGS) for blind and partially sighted people are not entirely new. Though their history is short with each subsequent technological breakthrough they have undergone rapid development. Early innovations involved permanently installed transmitters which sent infrared light beams to hand held receivers capable of decoding the signal and converting it into voice information to provide landmark identification and travel assistance. Remote Infrared Audible Signage (RIAS) or Talking Signs as it became known was developed in the 1970’s (Loughbrough, 1979; Brabyn & Brabyn, 1982) [4][5]. The technology remains popular, but is limited by the signal range and therefore the extent over which the system is operable as it relies on a fixed network of transmitters. The concept of more flexible portable devices incorporating GPS quickly followed (Collins, 1985; Loomis, 1985 in Golledge et al, 2004) [6][7]. By not requiring a static component and therefore being more independent meant these were potentially applicable over much wider areas. Research on wayfinding devices of this type has since proliferated (Brusnighan et al, 1989; Makino et al, 1996; Petrie et al., 1996; Golledge et al, 1998) [8][9][10][11], culminating in two products reaching the market place: BrailleNote GPS [12] and the Victor Trekker [13]. 

2. METHODOLOGY

To find out how aware visually impaired people were of new mobile navigation devices, what they thought about the potential benefits and pitfalls of new technology, and the consequences for tactile mapping, a question was inserted into a map user survey asking participants to compare tactile maps with other forms of spatial data provision. Opinions and observations about GPS otherwise emerged spontaneously in response to more general open-ended questions regarding geographic representation in the absence of vision. Visually impaired people from a wide variety of backgrounds responded to requests for participation. The survey was conducted by telephone interview and was purposely relatively informal to encourage participants to talk freely around each topic. Detailed notes of responses were taken, including direct quotes where applicable. Each interview lasted between 45 and 120 minutes. Data were analyzed both quantitatively and qualitatively. Results are reported in terms of descriptive statistics, frequencies of responses and examples of comments provided in response to open-ended questions. Qualitative data analysis employed a “universal” method recommended by Dey, (1993) [14]. This draws upon interpretative and prescriptive approaches to provide descriptions, classifications and connections (Kitchin and Tate, 2000) [15]. Overall, this enables us to take account of the effect of individual preferences, but also to categorize the information and look for themes if they exist. 

In turn the paper highlights the advantages and disadvantages of different navigation aids. It also covers the preferred settings for using these tools, a detailed analysis of visually impaired peoples concerns about GPS technology and uses the answers to a question about how people prefer to access information generally to predict the impact new wayfinding equipment is likely to have on maps. On the basis of responses to questions about patterns of tactile map use, the questionnaire was also considered useful in helping to define consistent wayfinding practices, and how common types of spatial behaviour might inform the way LBS will be used, how the technology should be designed and ultimately whether it is successful or not.

3. PARTICIPANTS

A detailed breakdown of the composition of the sample in terms of age, gender and characteristics of blindness has been provided previously (Rowell & Ungar, 2005) [16]. This gave a brief description of levels of experience based on Braille use and the likelihood of independent travel. To summarise a total of 30 people were interviewed. They represented a generally good range of both ages and gender. Most respondents were totally blind, though small numbers had some light perception or useful residual vision, and one was registered partially sighted. While every participant reported they had used Braille at some point, over 75% indicated they used it regularly. All respondents said they undertook independent travel and 26 indicated that they were happy to venture into unfamiliar environments. While acknowledging that such high levels of independence and Braille use, amongst the general blind and partially sighted population this is usually reported at being somewhere between 2 and 5% (RNIB, 1991) [17], points to a sample that is not representative of all blind people, it does provide a useful snapshot of the most likely users of geographic information.

4. TACTILE MAPS, GPS AND OTHER NAVIGATION AIDS COMPARED

4.1 Preferred method for accessing spatial information: In order to establish what method for accessing geographic data was favoured, participants were asked to rate the importance of each different mode on a scale of 1 to 5, where 1 referred to ‘not important’ and 5 indicated ‘very important’. It was possible to rank methods on this basis (see Fig.1). Hence in order tactile maps were the most popular followed by new mobile phone technologies that incorporate GPS, audio descriptions (particularly on tape) and finally fixed electronic navigation aids (i.e. Talking Signs). The mean for tactile maps rated them as more than quite important. GPS was preferred only slightly less than maps. All other methods were rated as been at least a consideration or higher. According to the spread of ratings (standard deviations) participants generally agreed about the usefulness of tactile maps, but were more likely to disagree with each other over the value of the other three methods. 

	Fig.1. Participants' ratings of methods for accessing spatial information 

	Access method
	Mean

Rating
	Not important
	Relatively unimportant
	A consideration
	Quite important
	Very

important

	Tactile maps
	4.1
	0
	1
	6
	12
	10

	New mobile technologies
	3.7
	3
	1
	6
	10
	9

	 Audio descriptions
	3.4
	3
	6
	3
	9
	8

	Fixed electronic navigation aids
	3.2
	3
	4
	13
	3
	6

	Note: Entries are the number of participants who gave the rating value


In addition to rating the importance of different methods 24 respondents commented on their choices, and provided rich supplementary information. Overall 9 participants reported that they thought tactile maps were the best way of providing spatial information. This compares to 4 respondents who indicated that tactile maps were poorer than other methods for wayfinding. Participant attitudes towards tactile maps were closely mirrored by opinions about using GPS. Again 9 respondents thought their mobility options would improve if GPS were widely available against 6 who expressed reservations about its potential benefits. Almost equal numbers thought audio descriptions were good (7) or bad (8). More participants (5) were likely to have concerns about the value of fixed electronic navigation aids, than considered them to be useful (2). 

4.2 Advantages and disadvantages of tactile maps: Where maps are said to have an advantage over other technologies, this is because they provide a useful overview, were considered to be a ‘great tool for reconnaissance’ helping people to plan visits to unfamiliar locations in advance and learn about places post visit. Additionally maps also offer more complete representations of larger environments than verbal descriptions, and most importantly according to respondents, allow the spatial relationships of features to be established making it possible to ‘place’ known landmarks and put familiar routes in context. When required to find a way independently these factors are said to instil confidence in users because they lead to stronger and more comprehensive mental representations of spaces which help with general orientation, though maps are not necessarily good at providing precise directions. One respondent also claimed that because there is an active physical element to tactile map reading, it is easier to remember what is learned compared to having to memorise lists of information provided by verbal route descriptions. 

Where respondents were less keen on tactile maps, reservations centred on design limitations. One of the main problems with tactile maps according to participants is that they are complicated to use. Not only are maps difficult to read, but even when it is possible to make sense of content, it has not always been easy to link what is being portrayed with the real world in practice. One respondent thought maps would never be able to contain sufficient information to make them suitable for this kind of precise navigation. Overcoming the problem would involve making maps too large, exceeding the optimum size for both reading and transport. Difficulties carrying mobility maps mean they are not easily accessible at the point when they were required most, during wayfinding. Indeed for various reasons a previous study found ‘home’ to be the preferred environment for tactile map use (Rowell & Ungar, 2005) [16]. Furthermore participants felt a general lack of availability meant maps of relevant spaces were difficult to obtain. 

4.3 Advantages and disadvantages of Personal Navigation Devices: Although GPS rated comparatively highly, some respondents admitted that as a result of their ignorance of newer technology, their responses were largely based on conjecture. In rare cases they confessed to relying on what friends had said or reports they had read in the press. If what they have heard was correct however, many thought GPS probably heralded ‘the most important development for improving the mobility options for blind people ever’, but others were also aware of the over hyped way new technology had been promoted in the past and urged caution. Where concerns were raised participants were most likely to rate GPS as ‘not at all important’ because they had not been tested sufficiently, did not know enough about them, or the benefits had yet to be fully realised. However given its popularity based on hearsay alone, the new technologies will become the most valuable source of wayfinding information because of the flexibility of devices, the large amounts of data they can hold, and the ability to deliver route instructions instantly ‘on-the-hoof’. Some participants predicted that the possible benefits emerging from mobile navigation devices will far outweigh those tactile maps have ever been able to offer, at least for navigation the main purpose for which they are intended. 

However several participants felt that because tactile maps and electronic wayfinding devices served different roles they were complementary tools that would work well in combination and comparisons of this type were therefore not that relevant. Having a hand held GPS to ‘provide detail and updates on route’, would not ‘supersede the need for tactile maps’ that provide a general synopsis, and are therefore useful for preparation and perspective. However given the challenges of mobility, a few participants foresaw personal navigation tools being used more extensively as instruments for both advance planning and useful record of journeys already undertaken as well, rather than during active wayfinding. 

4.4 Advantages and disadvantages of taped audio descriptions and fixed electronic navigation aids: Where taped audio descriptions were preferred this was because they are less demanding to use than tactile maps. However, if users want to avoid carrying listening equipment with them, the effort saved by not being required to learn how to access information, is expended memorising long verbal route instructions. Lists of directions were also thought to complement tactile maps well, a combination of the two providing the optimal solution for independent wayfinding and navigation. Similar to tactile maps however verbal descriptions are not readily available, and when they did exist were mostly confined to one particular route and were therefore inflexible. Additionally recorded route descriptions were thought to present only a limited picture of a selection of the immediate surroundings. Despite this constraint, because the mode of presentation requires information to be delivered linearly this can lead to the rapid accumulation of large amounts of information, much of which is not relevant. Furthermore with no way of making geographic connections between long strings of data and the actual world in reality, recorded directions are often difficult to understand. The search to find the right place on tape or CD that relates to the position of a user in their environment is felt to be more hindering than helpful. Remarkably in the absence of useful alternatives, people turn to the Internet to source their spatial data. Providers of route information such as Microsoft MapPoint will offer a string of text instructions linking two locations alongside visual maps. While not ideal, as they are geared towards motor vehicles, they are a source of easily digestible geographic information that visually impaired people can access. 

Though several participants reported having road tested fixed electronic navigation aids, their concerns were similar to new mobile wayfinding devices. With the added disadvantage that because this equipment is static and cover is patchy they are more limited in scope and will only ever achieve partial applicability. 

4.5 Preferred setting for accessing spatial information: Participants agreed that the advantage of having input from as many sources as possible facilitated both the process of extracting spatial information and increased the chances of remembering it. However many people added the caveat that this only applied if they could access information in their own time, preferably prior to or following wayfinding rather than during navigation. In addition to requiring physical dexterity, mobility is mentally taxing. This means any type of navigation assistance should be hand free and unobtrusive, allowing tools to be employed in conjunction with other commonly used orientation aids. Large numbers of participants also reported using ‘ambient sounds to orientate’, and therefore thought providing wayfinding information in a constant stream would be distracting, or even irritating, and said they would favour occasional updates on route according to their personal needs and the situation. 

5. VISUALLY IMPAIRED PEOPLES CONCERNS ABOUT NEW WAYFINDING TECHNOLOGY

It is possible to identify three fundamental classes and a further less distinct category into which participant concerns about mobile wayfinding devices fall: first the positioning technology itself; second the mechanism for communicating spatial information; third the quality and delivery of geographic data; and fourth political and ethical issues. This last dimension including concerns about privacy and responsibilities for providing data specific to disability needs
. In the next section I address these concerns in turn.

5.1 Positioning technology: In the first instance several informed respondents mentioned they were worried about the reliability, scope and accuracy of satellite positioning information. It is understandable that participants should be concerned about these issues. To date civilian versions of GPS have suffered problems in all three areas. Inadequate numbers of satellites have meant a reliable signal is only guaranteed in areas without interference. Zones where a receiver is shielded by tall structures called ‘urban canyons’ or even trees can result in loss of data. Scope is also limited. Relying exclusively on satellites restricts the extent of availability of positioning information to outdoor environments, as signals are not picked up in indoor spaces. Even when working properly, positioning is only accurate to anything between 5-20m. Measures of precision however, are disputed and inaccuracies occur for a number of reasons. Lack of exactitude is compounded by ‘map matching’ a phrase coined to describe the difficulties synchronising computerised maps with positioning data. While this resolution is largely adequate for motorised transport, depending on the detail required by users, it is perhaps not sufficiently precise for the kinds of pedestrian use anticipated. 

The concerns visually impaired people have about positioning technology are not dissimilar to those expressed by sighted people. However, because reduced perceptual anticipation means the length of time to preview forthcoming situations is shortened, visually impaired people are less able to prepare effective responses to deal with circumstances in advance. Unlike sighted people whose range of vision allows them to make the adjustments necessary to accommodate inaccuracy, inconsistency or even failure of these systems, blind and partially sighted people are not afforded the same luxury. It is not the case that they are more risk averse, but because visually impaired people rely on the technology more heavily, the consequences of imprecision or malfunction can be serious. If they are going to depend on the technology at all, visually impaired people need to be reassured they can trust it. They must be confident that the signal will not fail; that they will be able to use the device regardless of their position in relation to their environment, i.e. when they move indoors, the layout of shopping centres and transport termini which are often covered are important environments according to the types of information blind people say is required; and that acting according to instructions provided will not put them in danger: ‘a couple of metres here or there might not be important to a sighted person, but for me it can be the difference between knowing where I am and getting completely lost’. With improvements in reliability (Galileo, 2008), range (RFID and nanotechnology) and accuracy (Differential GPS) all forecast (Rowell, 2006) [18] visually impaired people can be confident that the pace of technological development means their concerns have either already been met or are in the pipeline.

5.2 Mechanisms of delivery: Regarding equipment participants were worried about size, cosmetic acceptability, utility or ease of use, reliability and the cost of devices. Principal among these was size. As many participants pointed out, navigation devices should never be considered substitutes for orientation and mobility aids that they would already be carrying, so as such constitute additional equipment. Among other reasons this requires the technology to be small, unimposing and preferably hands free. For participants size is not only about convenience, as anxieties about the appearance of devices are reported equally. While the days when prototype technology ‘filled rucksacks and made users look like astronauts’ are long gone, the legacy of this notorious equipment remains. Even though several participants admitted this reputation was based on rumour, some had spoken to friends with firsthand experience of early navigation devices during trials, and indeed concerns about size and attractiveness were not entirely unfounded. The worry about drawing unwanted attention towards a user of devices is an important one. At various points in the survey this particular concern surfaced. Indeed the benefits gained by carrying large maps were over shadowed as much by the fact that they were more likely to emphasize their disability, something visually impaired people actively wanted to avoid, as the physical challenge of using cumbersome tactile maps outdoors. Several participants also spoke about their fears regarding the dependability of devices such as the length of battery life, but many more were concerned about the type of costs involved in these developments. As their worth has yet to be proven, few people could conceive of investing in them until their true value was known.  

As with positioning technology which is taking great strides to allay possible user fears, many technical hurdles identified by visually impaired people are also being overcome. In common with mainstream electronic devices, as technology has improved, product dimensions have diminished. Above all the two main producers of personal navigation devices for visually impaired people Sendero and HumanWare, have done everything possible to erase previous negative stereotypes of these tools. However despite improving the utility of devices, and addressing the physical handling concerns of users, they remain complex tools requiring high levels of computer literacy to operate. Inevitably for a piece of specialist equipment the devices are prohibitively expensive. As it is doubtful they will ever achieve mass-market appeal only small drops in price can be expected. Two possible solutions to deal with the problems of cost are currently being explored. The production of dedicated navigation devices capable of being used for multiple tasks is one. The other more exciting development involves filtering positioning data and navigational instructions through an already existing product. The beauty of this last idea, particularly for visually impaired people, stems from the fact that it involves mobile phones, a device many people already own, that thereby fulfils most criteria that should ensure the technology success. Firstly they are small and relatively inconspicuous. Secondly because they are easy to use or people are already familiar with their operation, they appear to offer maximum utility. And finally they have achieved a level of ubiquity largely because they are reliable and cheap. 

5.3 Geographic Data: While cartographers or visually impaired people can provide useful recommendations about the technical development of products, as non-experts it is unlikely they can make a significant contribution. The same is not true of the third component of the system, geographic data. As is often the case during the early stages of innovation, a lot of effort has been directed toward the design of the technology, but this has occurred at the expense of what information will be displayed and the form of these representations. Unlike visual design where a developer of technology is also a potential user of it, producers of designs for blind and partially sighted people are rarely visually impaired. As a consequence they are likely to be less informed than the user about what information to include and how best to deliver it maximally. Furthermore based on different characteristics of blindness the needs of visually impaired people are much less uniform than those of sighted people. It is therefore imperative to investigate the role users will have, or are expected to play, in this aspect of development. Especially as this marks a point of departure where different groups of users with potentially competing needs will require the technology to provide various solutions to meet their individual requirements.

Although the survey did not ask a question about the availability of information for new navigation devices explicitly, because participants made some probing rhetorical remarks about the availability of data generally based on previous experiences accessing spatial information, it was still possible to make a detailed extrapolation of the issues surrounding spatial data provision (Rowell, 2007) [19]. Overall respondents identified several factors that needed to be addressed. These comments can be summarised under five key themes: (i) what types of features to include; (ii) whether this data exists; (iii) how new information will be collected and mapped; (iv) how data can be optimally portrayed; and (v) the extent of user control over this output. Firstly participants felt that to ensure very specific requirements are met, users must be directly involved in the process of data acquisition by asking what information blind people want or require. As the new devices will constitute access to significant amounts of extra information, several participants thought it would be a missed opportunity not to think about what else could be added. Research has already identified that visually impaired people do not generally use the same landmarks for wayfinding as sighted people (Rowell & Ungar, 2005) [16]. Consequently participants wondered whether it would be possible to include objects that have previously been considered too large (i.e. changes to the surface texture underfoot), or otherwise deemed ‘unmappable’, by virtue of the fact that they do not possess conventional form at all (i.e. ambient sounds)? Secondly the extent to which the geographic information required is available and its likely form needs to be established. It is believed that various non-mapping agencies, utility industries and local authorities hold quantities of detailed spatial data. Although it could be useful to visually impaired people, while it remains outside the public domain, the challenge lies in getting access to it in forms that can be used. Thirdly if the right type of spatial data does not exist, it will be vital to explore how it can be gathered and who will be responsible for handling it. While one of the great advantages of new hand held LBS devices is their functionality, particularly the ability to personalize content, this attraction pales if the onus for acquiring the majority of the data specific to visually impaired peoples needs, rests with the user. Fourthly it is crucial to research how spatial data will be articulated and presented. Information must be conveyed in a language that employs a spatial vocabulary that can be universally understood by visually impaired users. For most, this involves speaking to and learning from blind people directly. As several participants reported in the survey ‘if you want directions, the best person to ask is another blind person’. Finally concerns were raised over the amounts of information that new devices could conceivably provide and the extent to which visually impaired people would be able to exert control over this. Whereas tactile mobility maps provide too little data, several respondents expressed unease about personal navigation devices supplying too much. They felt that the trend to show innovations in their best light, combined with the ability for new devices to store almost endless quantities of data at various scales and detail might result in overloading users, leading to confusion. For example whilst it is impractical to know the exact location of every small individual obstacle, it is handy to be aware of routes where obstacles predominate. An individual user could then either make an informed choice about which direction to take, or rightfully expect the device to be sophisticated enough to assimilate these disparate pieces of information into a generalised whole, and make the correct decision for them, based on a set of stipulated requirements. In the absence of vision when mobility and navigation are more difficult, the paradox of independent wayfinding is that the safest route is rarely the shortest. Assuming data exists and can be expressed using decipherable terminology, the overall popularity of a piece of kit might eventually hinge on whether it is sufficiently intelligent to be customised to suit the specialised requirements of blind people. Questions also arose about whether devices really would be as timely as they claim. Would they be sufficiently adaptable to keep users updated about temporary barriers such as road works and path closures some respondents asked.   

6. DISCUSSION

6.1 The Role of New Wayfinding Technology: The paper asked a question about whether new geo-technology would bring about the demise of tactile maps. The answer is a cautious no, though not perhaps for the reasons originally imagined. The roles intended for new wayfinding devices have never been successfully filled, either by tactile maps that have been used infrequently for these purposes, or by alternatives such as fixed beacon technology and verbal descriptions that have also had limited application. Indeed asked about how people learned new routes, tactile maps did not feature in that process in a single participant’s response to the question in the survey, despite being perceived as one of the primary functions maps could serve. So rather than replacing tactile maps, GPS has the capacity to fill a gap in visually impaired people’s geographical knowledge at a scale and detail where other means have failed. They have the potential to achieve this by being able to: locate a person providing users with fairly precise information of their whereabouts; carry much more spatial data than anything previously; personalise information making it relevant to each individual’s requirements and skill level; provide an instant response to a perceived need at a specified spot; and ultimately be used wherever a person might be. 

Irrespective of the advantages foreseen for new devices they still have to be recognised by prospective users. In the past it is suspected that one of the reasons why the potential of tactile maps has never been fully realised, aside from poor design and difficulties obtaining maps which is often cited, is the failure to get the message of their possible benefits across. While all factors mentioned above are likely to promote PND use, this assumes people will have actually tested the devices. The trick is to get people to use them in the first place. By making the facility gratis via a free mobile phone service, a common technology people already own, that battle is half won. Provided the process is simple to use, free from operational difficulties, and supplies information in easily understandable ways, it is possible to anticipate growth in the numbers of visually impaired people using geographic information. 

6.2 The Relationship between Tactile Maps and New Wayfinding Technologies: So what about the future for tactile maps? As devices have yet to proliferate it is currently only possible to speculate, but there is a comparable situation upon which these predictions can be based; the effect that information technology has had on Braille. A specific question was included in the survey to address this issue. It asked what formats participants preferred to use to access general information. Although more participants (14) expressed a preference for using Braille, this figure was not as high as might have been expected. The advent of computing making access to all kinds of data potentially much easier and faster has meant that given a choice, almost equal numbers want to access information via electronic sources. This compares to the very small numbers who prefer tape (2) and large print (1). However these overall figures do not take account of the different circumstances in which access to information occurs, or the type of information being accessed. Hence several participants say they would use both depending on the situation. Computers are more likely to be employed in a work environment, but Braille is considered an adequate substitute when digital information is not available. Braille is particularly useful for quick reference, though less so if a person is required to store large amounts of information, when ‘mountains of paper’ can quickly accumulate. The survey also reveals that some participants would prefer to use Braille for certain types of books, particularly those read for pleasure. Despite being used to record reading material, tapes are routinely disliked. Participants complain that tapes are inaccessible because of the linearity of the presentation method poses difficulties searching for relevant bits of information. 

This pattern closely reflects the complementary relationship beginning to emerge in this survey between tactile maps and PND. A trend supported by participant comments about tactile maps serving very specific purposes, and the preferred setting for use being at home, when maps can be read at leisure and time is available to pore over them. Just as access to electronic facilities has discouraged people from learning Braille, a long and difficult process, so it is possible to anticipate that because tactile maps are also learned slowly, the numbers of people who will require them in future will either plateau or decline. Unless of course map design undergoes a radical transformation in view of a realignment of its status to take account of the new modes of representation, because it will still take significant effort to read tactile maps, they are unlikely to appeal to the new breed of user of geographic information attracted by the convenience of LBS. 

7. CONCLUSION

While new wayfinding technology is likely to be valuable for everyone and particularly people with various disabilities, according to participants who took part in the survey it has the potential to revolutionise the way visually impaired people navigate in a manner tactile maps have never been able to achieve. However till now, with one or two notable exceptions, devices have not primarily targeted blind people. It seems the realisation that disadvantaged groups could benefit has occurred as an afterthought, rather than acting as the chief motivating factor behind their design. Although there is nothing inherently wrong with this up to a point, the technology has only reached the current advanced phase in its development because it has universal applicability, making certain that devices work as they are intended for specialised users will only happen if they are adapted properly. Incorporating a do-it-yourself function is a useful embellishment to any device, but it is not a substitute for knowing what spatial data people require in the first place, instituting formal practices to guarantee its availability, and ensuring that information is portrayed correctly. I believe therefore the success of LBS for visually impaired people rests on two fundamental things: integrating users into the adaptation process at the earliest possible moment, and placing users centre stage in that development. 
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