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Abstract: Effectively responding to the mobility needs of blind and partially sighted people must be preceded by an understanding of three critical factors. The first of these factors is the needs of users, that is blind and partially people. This is a process involving the articulation of users needs by users themselves within the social, psychological, economic, environmental, technological and overall participatory context of their daily lives. Second to be understood is the range of available technologies, in their varying forms, that can be used to enhance the wayfinding capacities and skills of blind people, and what variables impact the usability of these technologies. The final factor required is an in depth understanding of future technologies, including those currently in the R&D phase, the drivers of such research, and the potentiality for influencing its direction to ensure an expanded application aimed at addressing the needs of blind and partially sighted people. This paper discusses research conducted by Guide Dogs UK, to understand and map the needs of users alongside available and emerging technologies, in order to ensure the development and advancement of wayfinding and indeed other technologies within a framework of inclusion.
1 Introduction

The practice of universal access is one to which Guide Dogs, the world’s leading expert on the mobility of blind and partially sighted people and the largest third party provider of rehabilitation services for blind and partially sighted people in the UK, is totally committed. Universal access is about enabling individuals with varying degrees of functionality to access, with similar ease as everyone else, the information or facilities they require to function, as they choose, in their environments. Many studies have identified the very real economic, social and psychological implications of restricted mobility for blind and partially sighted people in particular and society as a whole. Put another way, the lack, or denial, of access to adequate personal – physical or virtual – mobility can be a significant contributory factor to social exclusion and social isolation [2].
To further our understanding of the practicality of achieving universal access for blind and partially sighted people, Guide Dogs, in 2006 conducted a “Functionality and Needs” [3] survey of 1600 blind and partially sighted people.  This study was designed to obtain a detailed understanding of how blind and partially sighted people function in the UK. Through a detailed description of this population’s lifestyles, experiences and opinions, their access to and utilisation of a range of services, as well as the identification of their priorities and barriers to achievement, the study described  the nature of needs, and specifically mobility needs within the population, as articulated by blind and partially sighted people themselves. 

Simultaneously in 2006, Guide Dogs also conducted a study on the feasibility of promoting greater mobility inclusion for blind and partially sighted people through technological innovations [4]. Specifically, we were interested in obtaining a detailed and comprehensive understanding of the nature of existing and emerging mobility and mobility-related technology available for use by blind and partially sighted people, trends in the development of technologies potentially applicable to the mobility needs of this population group, and any existing and potential barriers to accessing such technology. Underlining this project was a conviction that a forum was needed to advocate the adoption of best practice by developers of technology. This best practice would, amongst other things, be defined by the degree of involvement of blind and partially sighted people throughout the entire process of technological development – that is in the conceptualisation, design, development, testing and marketing of technological innovations, in order to ensure that their needs remain integral to the process and the outcome. 
This paper brings together the findings of both pieces of work. We discuss how blind people themselves define their own functionality in the area of mobility, both in the physical and virtual space, as well as the barriers and enablers of this function.  In the light of these functionalities, we discuss the approaches to technological innovation, potentially poised to impact most significantly the population’s well-being.
2. Understanding mobility needs
Guide Dogs’ (UK) 2006 survey
 on the needs of blind and partially sighted people looked at mobility within the home environment and outside the home under different conditions. We also looked, more limitedly, at the mobility of people in virtual space – primarily by assessing the degree to which people had access to the technology to enable, minimally, navigation within this space.  Finally, we looked at mobility aids used by people and the proportions who had received training to support their usage. 

2.1 Mobility in physical spaces

88% of people reported being able to move around their own home environment very easily or quite easily. The major barriers to indoor navigation reported included steps and stairs alongside other mobility-impeding medical conditions.

71% of people reported being able to go out by themselves at least once a week, while 18% of people said that they were never able to go out by themselves. There was a clear effect of age with 39% (81/210) of those who never got out being 75 years or older. 11% of people said that going out by themselves was not important to them - 43% (52/122) of these were 75+. 1% of the population reported never going out either on their own or accompanied. 
We asked about the levels of difficulty people associated with going out on their own. 38% of the population found it ‘very difficult’ or ‘quite difficult’ to go out on their own. When asked what things made it difficult, 20% (112/560) cited fear or a lack of confidence as a major factor. Other factors cited included, primarily, street obstacles in the forms of fruit stalls, roadwork signs, bollards and overhanging branches.
We asked about the use of mobility aids. 67% of people reported using at least one type of cane (long cane – 65%, symbol cane – 23% and walking stick – 11%). 16% of the population were current guide dog owners. Only 2% of people reported using electronic travel aids (ETAs). 
On the limited/varying use of mobility aids, a number of reasons were advanced. The excessively high costs of ETAs was constantly cited, alongside very high levels of expressed interest in their use and the need/desire for greater information about them. A significant number of comments concerned mobility aids making people more visible and identifiable as blind or partially sighted people. Some people saw this as a benefit, while many others saw this as a definite disadvantage as it made for greater levels of vulnerability.
There was some suggestion that having a small amount of residual vision can result in greater mobility compared with being totally blind, however, these differences were quite small and there were large proportions of both groups with very restricted mobility.  Guide dog owners reported more frequent, easier and extended range mobility than non-guide dog owners. Non-GDOs who had no condition affecting their mobility other than their vision went out less frequently if they were totally blind compared to if they had some amount of residual vision; and were equally likely to say it was ‘difficult’ to out alone if they were totally blind compared to if they had some amount of residual vision – 37% of both groups found going out to be difficult. 
Clear differences between guide dog owners and non-guide dog owners emerged in this regard.  On average, Guide dog owners went out alone more often than did non-GDOs, Guide dog owners found it easier to go out alone than non-GDOs, and Guide dog owners had more fixed routes than non-GDOs. 
Finally, skills to facilitate the confident mobility of people were also quite limited. Only 39% of the population who had received an assessment to highlight their needs actually received any mobility training. 

2.2 Mobility in virtual spaces

Virtual Mobility refers to the use of the new Information and Communications technologies (ICT) as an alternative to physical mobility. There is an extensive body of literature which clearly suggests that virtual mobility is potentially one mechanism of improving people’s levels of inclusion in society. Our survey asked individuals to what extent they felt cut off from people and things around them. Only about a third (29%) expressed no level of isolation vis à vis their environment. In other words two-thirds of the population felt cut off to some degree from people and things around them, most pronounced amongst younger age groups of blind and partially sighted people.
We therefore began our examination of mobility in virtual places, in the first instance, by identifying the proportions of the population with access to and who were familiar with the infrastructure required for navigation in this space. Up to 44% of the population used a personal computer, 31% utilised a PC to access the internet. 54% of the population used a mobile phone.  Only 22% of the population had mobile phones adapted to provide audio information for features such as phone menus or text messages. 
Restricted mobility for blind and partially sighted people is a fact of life, whether in physical or virtual space. Our data also suggests that some of the basic infrastructure required to utilise the arena of virtual mobility are not currently in place for the majority of blind and partially sighted people. Technologies that enhance both physical and virtual mobility do exist, but a variety of factors such as cost, training, and knowledge all inhibit a wider availability. 
3. Existing Technologies and the Future
There are a large number of relevant technologies that provide mechanisms for mobility and related solutions - from designs of products such as portable Braille PDAs, to applications of generic technologies such as GPS, sensors, RFID, infrared, indoor/outdoor navigation or robotics. However, there are some associated concerns with these technologies.
Firstly, many users have complex, varied and interrelated needs which are often inadequately represented in a phase of a device specialisation, e.g. a device which suits a partially sighted person can be completely useless for a totally blind person [5]. A service platform is needed to allow devices to “plug-and-play”. Secondly, there is a problem of continuity in users’ mobility settings. Many environmental contexts are inter-related, therefore needs should not be studied in isolation.  So, for example, a blind person may need walk to the bus stop where they will need to locate a bus at the bus stop, possibly amongst an array of buses, in order to see their doctor, or to visit their bank manager. So, access to the external environment is a need. A greater need may be a service gateway that provides alternatives, rather than limiting itself to one real time mobility experience. Access to the external environment is therefore an important means to a greater end. Thirdly, the management of emerging technologies must be sustainable and coordinated, and this cannot depend only on applied research dedicated to the preservation of the technology or, more significantly, on an organisation dedicated to changing services as the technologies improve. A service infrastructure is needed to adapt new technologies, to upgrade services, or to create new ones, all the while responding fully to and involving the users of the technology.
The main finding of Guide Dogs’ technology study was that current mobility technologies are not intuitive enough nor are they sufficiently widely used for real world applications. For example, while wireless sensor technologies and wearable mobile devices are rapidly integrating with ICT in providing real time information about the environment where people live, these advances are still, largely, under-explored with regard to their application in the area of inclusive mobility. 
It would appear to us therefore that innovation, foremost, requires an awareness of individual technological potentials within the context of individual needs, through technological integration, in particular, through internet mediated services. Intrinsic to mobility technologies is the capacity to expand and diversify individual user preferences with more and better integrated services through ICT, thereby creating access to new and different environments previously inaccessible to users. In effect, this will mean the opening up of new living spaces for users, with potential positive impact on levels of social isolation and exclusion. To this extent, the innovation of mobility technology for visually impaired people is of interest and importance not just to a specific section of the population, but to the collective society. Such innovation will produce positive consequences for the majority of technology users – that is, the majority of society.

4. Conclusions

Services must be provisioned according to perceived user demands in the contexts in which they are living. An innovative approach is required to ensure that emerging technologies take full account of and respond to these realities. This can only occur when the needs of blind and partially sighted people and people with disabilities as a whole become integral to the design process, rather than an afterthought. In a similar vein, the use of increasingly specialised devices can be greatly facilitated by an infrastructure for dynamic, multi-faceted, non-text reading services. This is a critical prerequisite for a broader, more integrated and therefore more effective application of mobility and mobility-related technologies in the quest for societal inclusion.
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